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LATELY PUBLISHT 


Barber’s First Course in General Science 


By Frepreric D. Barser, Professor of Physics in the Illinois State 
Normal University ; Merton L. Fuiier, Lecturer on Meteorology in 
Bradley Polytechnic Institute ; Joun L. Pricer, Professor of Biology 
in the Illinois State Normal University, and Howarp W. Apaws, Pro- 
fessor of Chemistry in the same. vii+ 588 pages of text. 12mo. $1.25. 





This manual for the first year of the high school is based on the conviction that 
at this stage the work in science should emphasize the physical aspects and animal and 
plant life, with personal and community welfare the crucial point of attack. 


The topics presented have chiefly to do with the school life and home life of the 
pupil. They are essentially projects to be solved. Being topics with which the pupil is 
already more or less familiar, they have real significance and meaning to him. In deal- 
ing with home and school environment the laws and principles of the physical sciences 
are of primary importance, moreover, physical laws and principles are fundamental to 
all science, therefore, they form the major portion of this course. Microorganisms, 
however, play so large a part in the daily life of all people that the principal facts con- 
cerning them are also presented. The main study of animal and plant life has been 
left to be developed as a course in general biology, or as special courses in botany and 
zoology - 

The approach to each new topic is made from a historical point of view, thus de- 
veloping a real interest in the subject. Topics not essentially important in the environ- 
ment of any class, or in the environment of the community, may easily be omitted with- 
out seriously breaking the continuity of the course. 


Many of the exercises are best conducted as class demonstrations while a sufficient 
number of them are well adapted to individual work. The apparatus is unusually in- 
expensive and is such as is to be found in any fairly well-equipped laboratory, or of 
commercial type easily procured. 

One of the strong points of the book is its scientific accuracy. Each of the 
authors has made definite and material contribution, so that the volume represents the 
carefully arranged work of specialists in physics, chemistry, meteorology, and biology. 
This fact will do much to place an elementary course in general science on the high 
plane which it deserves. 





Henry Holt and Company 


34 West 33rd Street 6 Park Street 623 South Wabash Avenue 
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EXPLOSION CRATERS 


By N. H. DARTON 


U. 8S. GEOLOGICAL SURVEY! 


LTHOUGH most great craters are on top of volcanic peaks, a few 
4 big holes of volcanic origin are on plains and not connected wit! 
lava outflows. These are rimmed by a ridge of fragmental materia 
evidently blown out of the hole, so that they are clearly the results o 
an explosion. One crater of this character, however, Crater Mound 
(formerly Coon Butte) in Arizona, is believed by some observers to 
have been caused by impact of a meteor. As there is no direct evid 
as to the origin of this great hole and its rim of fragmental ejecta, it 
may be interesting to present for comparison facts regarding some 
craters which are closely similar in all essential respects. 

Among long-known holes ascribed to volcanic explosion and not 


} »} 


connected with lava outbursts are the “maars” in the Rhine vall 
and the craters of Eiffel, Auverne, Montecchio, Albani, Nemi, Astrom 


Faifa, etec., of Nassibe, in Madagascar and at Lonar, India. The latte: 


as described by Dr. Blandford, is a hole about a mile ameter, 300 
to 400 feet deep, in a great lava plain. Except on the north and north- 
east sides, there is a rim 40 to 100 feet high composed of locse bl ; 


of basalt similar to the rocks on the sides of the hole. The latter are 
bent up very slightly. As to the competency of volcanic ex 
cause a crater, many illustrations have been observed, notably in the 
great Bandai-San eruption? in Japan in 1888, which made a 
crater in a mountain where there had been no activity for many ce! 
turies. There was no lava effusion connected with this outburst. Th: 
eruption of Krakatoa in 1883 is another impressive instance. 
In the course of the present European war many a huge “ crater” 
r “entonnoir” has resulted from the explosion of “mines” inten 
to destroy fortifications or dislodge troops, and it is interesting to have 
an example of this kind to compare with some natural craters. One 
1 Published by. permission of the Director. 


2‘*The Eruption of Bandai-San,’’ Seis. Soc. Japan, Vol. 12, pp. 139-222, 
1890. 


VOL, 111.—29. 
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large “entonnoir” on the Franco-German line of struggle is shown 
Page 429. Judging from some details of remains of passageways sho 
in the foreground, its diameter is about 150 feet and depth 50 feet. | 
was produced by the explosion of several tons of some powerful . 
plosive placed in a chamber at the end of a long tunnel 50 to 60 fi 
below the surface. The end of the tunnel next the chamber wa 
securely blocked before exploding the mine in order to have the utmost 
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Fic. 1. Contour Map anp Cross SECTION OF THE CRATER OF ALCHICHICA IN PUEBLA, 
MEXICO, AFTER ORDONEZ. 





effect of upheaval. The material apparently is compact earth and 
probably the uplifted material was torn out without much upbending 
of the sides from which it is detached. 

Several years ago Ordofiez described some remarkable craters in 
Mexico which afford some very interesting facts for comparison. On: 
group is on the plateau near Orizaba Peak in Puebla; the other group 
is in Valle Santiago. Ordoiiez regards them as the result of explosions 
marking the last phase of volcanic activity in the region. The cause 
was igneous action at no great depth and the locus of explosion was 
determined by some superficial influence. 
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EXPLOSION CRATERS 419 


The craters of the Puebla‘ region are in two principal groups. One 
group of four is in the vicinity of the Hacienda and Sierra of Techa- 
chalco, about 25 miles north-northwest of Orizaba Peak and not far 
southwest of Limon Station on the Interoceanic Railroad. The other 
group is near Alxoxuca, a small settlement eighteen miles northwest 
of Orizaba Peak. The configuration and structure of two of the prin- 
cipal members of the first group are shown in Figs. 1 and 2, copied 


——— 





Fic. 2. Contour Map anp Cross SECTION OF THR CRATER OF ATEXCAQUI IN PUEBLA, 
MEXICO, AFTER ORDONEZ. 


from Ordojiez’s memoir. The largest crater, known as Alchichica, is 
circular, contains a large shallow lake, and has a diameter of slightly 
more than a mile. The water level is about 50 feet below the sur- 
rounding plain. On the east and south sides the encircling ridge is 
low, but on the west it rises 325 feet. The inner slopes are steep, the 
outer ones more gradual. Both walls consist of ash, lapilli and pumice, 
evidently ejected from the crater, but on the west side these are seen 
to lie on a mound of basalt of some old flow. Fragments of basalt and 
of slates, limestones and other materials are included in the mass of 


8‘*Los Xalapazcos del Estado de Puebla,’’ Inst. Geol. de Mexico, Parergones, 
Vol. 1, No. 9, 1905. 
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ejecta constituting the encircling ridge. There is no evidence of dis 
turbance of the beds. 

Atexcaqui, six miles southwest of Alchichica, has an elliptical crat 
about three fifths of a mile wide from east to west and two fifths of a 
mile wide from north to south. Some of its features are shown in 
Fig. 2. The surface of the lake occupying the crater is about 90 feet 
below the adjoining plain. The encircling ridge is from 200 to 250 
feet above the lake, but on the northwest side its height increases t: 
about 600 feet on account of the presence of a mound of horizonta 
Cretaceous strata on which the ejecta is piled. On the other sides are 
low walls of basalt, capped by nearly horizontal beds of yellow, andesiti 
tuff which constitutes the surface of the adjoining plains. The ma- 
terial ejected from the hole and constituting the encircling ridge is 
piled up on this tuff to a thickness of 40 to 60 feet. The inner slopes 
of the crater are steep at most places. The ejecta of the encircling 
ridge is in irregular sheets sloping outward at a low angle. The prin- 
cipal materials are those which underlie the plain: ash, cinders, tuff, 
and numerous fragments of the basalt. There is also a small propor- 
tion of limestone, granite, diorite and andesite, such as probably unde 
lie the locality at considerable depth. The limestone is of the sam: 
sort as that which constitutes the hill on the northwest side of the 
crater. The explosion has blown a round hole through the basalt, 
limestone and overlying tuff, but has not disturbed the remaining edges. 
The volume of ejected material is not estimated, but it must be great 
and apparently sufficient to fill the hole. 
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Fic. 3. Section ACROSS THE EXPLOSION CRATER OF ALXOXUCA IN PUBPBLA, MEXICO, 
AFTER ORDONEZ. 


La Preciosa, a smaller crater with lower surrounding ridge, also 
contains a lake said to be 275 feet deep. Its rim consists of a mass of 
ejected material somewhat irregularly distributed. The hole is in the 
tuff of the plain. Quecholac, which lies out on the plain some distance 
from the others, is about three fifths of a mile in diameter, with low 
encircling ridge 80 to 160 feet high. This ridge consists of ejecta, 
mainly cinders, lapilli and pumice, and a few rocks of the older forma- 
tions in irregular sheets dipping gently outward. The underlying 
strata are not exposed. The lake is 300 feet deep. 
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EXPLOSION CRATERS 


The craters about Alxoxuca are on the plain at the foot of a v 
anic ridge, but the materials in the walls and slopes are entirely of th 
tuffs which make up the plain. The craters are close to cones from 
which lava flowed recently, at one place overlapping the ejecta from 
the explosion craters. The principal! crater, wnas A . 
somewhat more than a half mile in diameter, and the lake which it 
contains is 200 feet deep. The cross section, Fig. 3, shows the prin- 
cipal features on a west to east line. Two lava sheets are intercalated 
in the tuff on the east side, which rises considerably | r than t 


west side. The encircling rim consists, as in other craters, of fin 


ejecta containing many basalt fragments. The deep lar uf 
Tecuitlapa contains, as shown in Fic. 4, a conical mass isalt az 
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Fic. 4. Section ACROSS THE EXPLOSION CRATER OF TECUITLAPA P 


AFTER URDONEZ 


breccia with three small craters, a feature very similar to Zuii Lake in 


New Mexico. Steep walls rise from the central lake to the cres e 
encircling ridge of ejecta which is 300 feet high and slopes gently to 
the adjoining plain. The interior cone and its craters are clearly of 


more recent age than the large crater and undoubtedly represent a final 
stage of the volcanic activity. 





Two other craters, five miles east of Alxoxuca, are known as Xala- 
pazco Grande and Xalapazco Chico. They contain no water. As 
shown in Fig. 5, they are less than a half mile in diameter, but th 
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THE CRATER, AXALAPAZCO CHICO, PUEBLA, MEXICO, AFT! 0 


encircling rim does not rise high above the plain. The larger crater 
is 220 feet deep, and the smaller one nearly 400 feet. As in the case 
of the others, they are blown out through andesitic tuffs constituting 
the general valley floor and the rims consist of a large volume of fine 
ejecta containing much basaltic material. Ordojiez suggests that at 
the time of eruption a large volume of water was ejected with the 
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fine materal which would account for the irregular bedding in th 
ejecta in the encircling ridges. 

Other explosion craters in south central Mexico have been described 
by Ordoiiez, notably the fine group of eleven in the Valle de Santiag: 
and the crater at Xico,> near Mexico. These craters are in a plair 
underlain by tuffs and the beds adjoining the holes are not disturbed F 
The craters are surrounded by ridges of ejecta and all are the products 
of a similar cause, but in some cases two or more stages of development 
are apparent. The largest is more than a mile in diameter. 

An explosion crater at Tacambaro, in Michoacan, has been described 
by Rubio.* It contains a lake nearly a half mile in diameter, and the 
surrounding ridge of ejecta is more than 500 feet high on one side. 
The walls are basalt and the ejecta are ash, lapilli and tuff, with rock 
fragments. 

Hornaday* and Lumholtz* have described a group of remarkable 
explosion craters in the northern part of Sonora, Mexico, fifteen t 
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Fic. 6. Map or Part oF SonoRA DESERT IN MEXICO AND ARIZONA, showing lo 
cation of craters near Pinacate Mountains, after G. Sykes. P, Pinacate Mountains; 
H, Hornaday Mountains; +, craters; S, Sykes Crater; M, MacDougal Crater; £, 
Crater Elegante. 
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: twenty-five miles south of the International Boundary line, about 100 
) miles southeast of Yuma, Arizona. This area is shown in the follow- 
| ing map: 


4‘*Les voleans du valle de Santiago,’’ por E. Ordofiez, Soc. Antonio Alzate 
Mems., Vol. 14, pp. 299-326, pls. IV.-IX., 1897. Also ‘‘ Les Crateres d « xplosio: 
: de Valle de Santiago,’’ por E. Ordofiez, Guide des Excursions Xe Cong. Geol. Int 
Mexico, 1906, XIV., Excursion du Nord, 9 pages, plate. 
5**Los ecrateros de Xico,’’ Bol. Soc. Geol. Mexicana, Tomo 1, pp. 19-24, 
1905. 
¢ ‘*E] Axalapazco de Tacfmbaro,’’ por P. O. Rubio, Bol. Soc. Geol. Mexicana, 
Tomo 2, pp. 65-69, 1906. 
7‘*Camp Fires on Desert and Lava,’’ by W. T. Hornaday, Scribner’s, 1908. | 
8**New Trails in Mexico,’’ by Carl Lumholtz, Scribner’s, 1912. 




















EXPLOSION CRATERS 


One of these craters in the plain 24 miles northeast of Tinaja de 
los Papagos was named Sykes Crater by Hornaday. According to 
Lumholtz it had been visited by Sr. Y. Bonillas of Nogales in 1882. 
Sykes, who was geographer of Hornaday’s expedition, found that the 
depth of the crater is 750 feet, its diameter at bottom 1,400 feet, and 
the bottom is 150 feet above sea level. A view of this great hole is 


given in Fig. 7. Lumholtz states that the rim is 130 feet high where 





Fic. 7. SyKeES CRATER, IN Sonora, MEXICO Looking southeast Pinacate M 
tains in distance. After a colored view by Hornaday 


he crossed it. It evidently consists of ejecta and Hornaday states 
that in places the apex of the rim is “sandstone formed by the fusing 
of masses of volcanic sand under the influence of intense heat” and 
regards the material as having been thrown out of the crater. 


Another great crater in the same vicinity has been named Mac- 


Dougal Crater by Hornaday. It is in the lava plain a short distance 
southwest of the foot of Hornaday Mountains. A view of this hole, 
from a photograph kindly supplied by Mr. Charles Sheldon, is giver 
in Fig. 8. The diameter of the bottom is 3,600 feet and depth below 








Fic. 8. MacDovcaL Crater, Lookinc SournHwest FROM Top or Hornapay Movoun- 
TAINS, Sonora, Mexico. Photo by C. Sheldon, 1916 



























424 THE SCIENTIFIC MONTHLY 


rim 400 feet. Its bottom is about 50 feet above sea level. The wa 
are mostly very steep and there is the usual surrounding rim of ej 
Lumholtz found a fine large circular crater in the lava plain 
short distance northeast of Sierra del Pinacate, to which he has giv 
the name Crater Elegante. It is six miles northeast of the cent 
peak, near the edge of a plain covered by a thin lava sheet. He est 


mates its depth at 800 feet and a rough measurement gave a 




















Fic. 9. Contour Map AND Cross SecTION OF KILBURN CRATER, New MEXIc‘ ( 


tour interval 50 feet, datum sea level. gs, stratified sand; Db, basalt; e, eject 


diameter. It is rimmed by a ridge rising about 150 feet above th 
surface of the plain. The bottom is flat and talus rises about half wa 
up the sides. The view given by Lumholtz shows alternations of re 
larly bedded material. 

The Afton craters in southern New Mexico, thirty miles north- 








Fic. 10. Looking NorTHEAST INTO KILBURN CRATER NEAR AFTON, in southern New 
Mexico. The black streak is a thin sheet of lava much older than the hole. 
Note ranch to right of center of view. Photographed by W. T. Lee. 
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vest of El Paso, described by Lee,® are closely similar to the craters in 
Mexico described above. They are in a level plai1 thick stratifie 
ver deposits capped by a thin sheet of lat asait Une sam 
diameter and about 150 feet deep: the other. two miles north. is tw 
miles long and about 250 feet deep. Both are circled rims of eject 
ising 10 to 200 feet above the pla n. he inner slopes are steep al 
the outer slopes gentle. The ejecta, which lies on a fifteen-foot sheet 
f basalt, consists of sand, cinders, pumice, a1 locks of basalt, and 
part. especially near the base, shows 
outward slope. All came from below and was thrown out by an ex- 
plosion, but the volume is much less than that of the craters. The 
configuration and structure of the larger crater is shown in Fig. 9. A 
view is given in Fig. 10. 
Lee suggests that the explosion was caus v formation of stea 
generated by lava forced into the water-saturated sands. 
The crater holding Zuni Salt Laké : Live entra ves 
New Mexico, about 75 miles south of Gallup. When I published a 
scription of this feature in 1905,*° I was inclined to believe that it 
was due partly to volcanic action and partly to subsidence caused 
removal of underlying salt beds by solution. After comparing it with 
the conditions in other regions, I feel convinced it is an explosion 


crater. Some of the features are shown in Figs. 11 and 12. It is 
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Fic. 11 ConTrouR Map axp Cross Section oF ZcNr Savt LAKE IN West CENTRAI 
New MEXIco. e, ejecta: s, cretaceous sandstone: c, cinder cone; m, mud and 
salt recently deposited by the lake 

®‘* Afton Craters of Southwestern New Mexico,’’ by W. T. Lee, Bull. Geol 
Soc. Am., Vol. 18, pp. 211-220, pls. 3-4, 1907. 

10‘°¢The Zuni Salt Lake,’’ by N. H. Darton, Jour. Geol., Vol. 13, pp. 185 
193, 1905. 
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New MExIco 
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Fic. 14. Conrour MAP AND Cross SECTION OF CRATER MOUND, ARIZONA. e, eje 
K, Kaibab limestone; C, Coconino sandstone; 8S, Supai red sandstone; w, sand, et 


about a mile in diameter, 150 feet deep, and encircled by a wide rim 
of ejecta consisting mainly of fine scoria containing fragments of the 
sedimentary rocks which underlie the region. Part of the material is 
stratified and cross bedded. The walls of the crater are Cretaceous 


. 15. A Moper or Crater Mounp, Artzona, Constructed for G. K. Gilbert from 
a detailed topographic map by Marcus Baker. 
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Fic. 16. CRATER REMARKABLY LIKE CRATER MOUND IN APPEARANCE, « 
sion of a “ Mine” in the trenches in northern France in 1915 


sandstone, in part capped by a lava sheet of moderate antiquity. From 
the lake occupying part of the center of the crater rise two small cones 


of scoria, one with deep crater, and evidently very recent. The ejected 


material covers a wide area on the rim and 


ll the crater, probably 


too small in volume to { 


Fic. 17. Part oF THE GREAT RIM OF FRAGMENTS OF LIMESTONE AND SANDSTONE 
EJECTED FROM CRATER MOUND, ARIZONA. Photo by G. K. Gilbert. Many of the 
masses weigh more than 5,000 tons, the largest 20,000 tons and the total amount of 
ejecta is about 250 million tons or approximately sufficient to fill the hole 
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Fic. 18. LARGEST BLOCK IN THE EJEcTA ON RIM OF CRATER MOUND, ARIZONA, 
mass of limestone 60 feet in diameter weighing about 20,000 
tons. Photo by G. K. Gilbert. 


removed by erosion. Undoubtedly its bedded condition was caus 
a simultaneous outburst of water. 

Crater Mound, or Coon Butte as it was originally named, is so well 
known that I will not review it in detail and there is nothing new to 
add to previous descriptions.** Some of the salient features are shown 
in map and cross section, Fig. 14, and the views in Figs. 13, 15, 17 
and 18. Its origin has not been ascertained and it remains one of the 
greatest enigmas in nature. The idea that it was caused by impact 
of a meteoric iron 50 to 100 feet in diameter has not yet been sub- 
stantiated by borings, shaft and the survey of magnetic declination. It 
is interesting to compare this crater with the illustrations of explosion 
craters given above and the close similarity of many features is very 
suggestive in connection with Gilbert’s original suggestion that Crater 
Mound was caused by a steam explosion. 

11 Gilbert, G. K., ‘‘The Origin of Hypotheses Illustrated by the Discussion 
of a Topographic Problem,’’ Geol. Soc, Wash., Presidential Address, 1895, and 
Science, N. 8., Vol. 3, pp. 1-12, 1896. Barringer, D. M., and Tighlman, B. C., 
‘*Coon Mountain and Its Crater,’’ Phil. Acad. Sci., Proc., 1906, pp. 861-914 
Merrill, G. B., ‘‘The Meteor Crater of Canyon Diablo, Arizona. Its History, 
Origin and Associated Meteoric Irons,’’ Smith. Miscell. Coll., Vol. 50, Pt. 4, pp 
461-498, 1908. Barringer, D. M., ‘‘ Meteor Crater in Northern Central Arizona,’’ 
Nat. Acad. Sci., Nov. 16, 1909, 24 pp., pls. Darton, N. H., ‘‘A Reconnaissance 
of Parts of Northwestern New Mexico and Northern Arizona,’’ U. S. Geol. 
Survey, Bull. 435, 1910. 





MALARIA AND CROP PRODUCTION 


THE RELATION OF MALARIA TO CROP PRODUCTION 


By D. L. VAN DINE 


BUREAU OF ENTOMOLOGY, UNITED STATES DEPARTMENT 


HE principal effects of malaria upon farming are a reduction in the 
net profits on the crops grown and reduced values from the non- 
development of farm lands. Herrick (1903) mentions these losses, as 


1 


applied to southern agriculture, and Howard (1909) emphasizes the 


e 
economic loss from malaria by figures which are startling. He esti- 


, 
| 


mates that there is an annual loss in the United States through this dis- 
ease of not less than $100,000,000. 

The rural nature of malaria places the larger portion of the loss from 
the disease upon the farming class. The disease is more prevalent in 
the south than in other regions of the United States. The higher prev- 
alence in the south is due to the larger areas of swamp and undrained 
lands, and lands subject to overflow which offer favorable breeding- 
places for the mosquitoes that convey the disease, to the longer season 
of high temperatures which favors mosquito development and which in- 
creases the length of the active season of the disease, and tn the presence 
in larger numbers of an indifferent race which is tolerant of the disease. 
Although the losses from malaria have been appreciated for many years, 
the exact manner in which the disease operates against farm profits is 
not generally understood. 

In 1913 the Bureau of Entomology undertook a detailed study of the 
relation of malaria to agriculture in the south. The ultimate object of 
the study is the prevention of malaria on the farm. The investigation 
is based on the idea that the prevention involves measures for the con- 
trol of malaria mosquitoes which are practicable under the usual farming 
conditions. In the absence of definite information on the relation of the 
disease to farming, the primary work dealt mainly with the exact man- 
ner in which malaria operates against the net profits from farm crops. 
The study is an intensive one and its scope extends no further than the 
strictly agricultural and biological phases of the problem. The effort 
is to obtain concrete and fundamental information as a basis for an 
extensive application of measures for prevention. It is believed that 
the first step is to secure definite data on the manner in which malaria 
affects agriculture. 

During the course of the investigation it has been determined that 
the important losses from malaria on a plantation are sustained through 
the loss in time and the reduced efficiency of the labor at the season of 
the year when the labor is most needed to work and to harvest the crops. 
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The prevailing system of plantation labor in the south is the neg 
tenant system, and the prevention of malaria among the tenants is c 



































sidered the most important point in the problem of preventing the 
ease on a plantation. In the tenant system, the family is the unit 
contrast to the day-wage system, where the individual is the unit. ‘J 
family was, therefore, made the unit in the study. 

The figures in this paper are based on the conditions that obtain: 
during the season of 1914. The survey work included a detailed stud 
of the 74 tenant families on a plantation and the amount of malaria 
among them in a region where the plantation operations and endem 
malaria are typical. The plantation cultivated 1,800 acres of lan 
1,191 acres by the tenant system and 609 acres under the direct super 
vision of the plantation management by labor drawn from the tenant 
families on a day-wage basis. ‘The tenants averaged 16 acres per famil 
The 74 families show a total of 299 individuals, or an average of 4 pe 
sons per family. 

The crops grown on the plantation consisted of 743 acres of cotton 
and 448 acres of corn under the tenant system and 80 acres of cotton, 
209 acres of corn, 200 acres of oats, 70 acres of cow-peas and 50 acres 





: of lespedeza hay under the day-wage system. 

All time was reduced to adult time or man days of labor. The tim: 
of a male over 18 years of age was figured as full time, a male from 12 t 
Ht 18 years as one half adult time and from 8 to 12 years as one fourt! 
The time of a female was figured as one half the time of a male. N 
account was taken of the time under 8 years of age. Reducing all t 
available labor on the plantation to adult time, there is an equivalent of 
2 adults to each of the 74 tenant families. 

The actual time lost through malaria consisted of 970 days for those 
treated by the plantation physician, 487 days in those cases not report- 
ing to the physician, and 385 days lost by non-malarial members of the 
families in attending those who had the disease. There was a total loss 
of 1,842 days. This reduced to adult time, not taking account of illness 5 
in members of the families under eight years of age, amounts to 1,066 
days of adult time from May to October, inclusive. The time lost aver- 
aged 14.4 adult davs for each family. There were 166 cases of malaria 
in 138 persons out of the total of 299 members of the tenant families. 
There was a loss of time equivalent to 6.42 adult days for each case of 
malaria. The seasonal distribution of the cases of malaria was as fol- 
lows: May, 15 cases; June, 31 cases; July, 25 cases; August, 38 cases; 
September, 36 cases, and October, 21 cases. The number of adult days 
lost through malaria, then, is 96 days for May, 199 days for June, 161 
days for July, 244 days for August, 231 days for September and 134 : 
days for October. 

The effect of loss of time upon the crops can be measured by the 
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ratio of the time lost through malaria to the difference between the avail- 
able labor and labor requirements of the crops. It must be conceded 
that any loss of labor from any cause in the face of any surplus labor 
that exceeds the time lost, can not be considered as operating agains 
the crops. In the case of no surplus labor, or an actual deficiency, any 
time lost through malaria reacts at once upon the crops, the seriousness 
of the neglect to the crops depending upon the period in the planting, 
cultivating or harvesting the crops that the lost time occurs. It wi ( 
shown that the time lost through malaria during at least four months 
] 


of the year falls at periods when there is a deficiency of labor and when 


the demands of the crops for labor are greatest. For cotton, the prin- 


cipal crop, these periods are chopping and hoeing, boll-weevil control and 
picking. Any neglect at these periods is a very serious matter and 
might mean total failure of a crop. 

The available days for field work depend not only upon the number 
of adult laborers on the plantation, but also upon the available days per 
month when field work is possible. These two factors decide the avail- 
able days of adult labor for field work. Mr. M. B. Oates of the Office 


of Farm Management of the Department of Agriculture has furnished 


, 
~> 


the writer the following estimate of available day p 
plantation work as determined by a study of estimates obtained by him 
from 50 plantation managers in the Red River region of northwest 
Louisiana.' 


Month Days Month Days Mont Days M D 
ee 12.0 April es 15.3 J ily 21.5 ‘ : 19.7 
Feb. 11.9 May 18.3 Aug 21.0 \ 

March. . 14.5 June 19.1 Sept 19.4 ) 


The fallacy of figuring total days of adult labor per month on a 
of a 30-day month is evident. The factors of Su ays, holidays 
climate determine the number of days available for field work during 
any month. The error would be as great to reduce all labor 
plantation to terms of adult labor and use this figure in obtaining 
days of adult labor available. With 74 families averaging 2 adults per 
family there would be indicated a total of 148 adult days for every day 


in the year, 4,440 days adult labor available per month or the great 
total of 53,280 man-days of labor per year. Mr. Oates, on the basis of 
estimates from 72 plantations, finds that in this region 13.29 adult days 


of man labor, not including horse labor, are required per acre cotto! 
On this basis the above figure shows that this plantatior sana nt 


of labor sufficient to work over 3.200 acres of ton, 

does not exist. The above table by Mr. VUates eliminates the « 0 
1The region included in the estimates is within the 50-inch rairz 

Madison Parish, where this study is located, has a normal rainfall of 51 inches. 
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days available for field work. It remains to consider the error in num- 
ber of adults available for labor. 

The object is to determine tie relation of time lost through malaria 
to the total time available and to the time required by the crops. In 
considering the time available it will be necessary to eliminate the effect 
of malaria upon the efficiency of the labor. Howard (1909) estimates 
that one fourth of the productive capacity of an individual suffering 
with an average case of malaria is lost. One hundred and thirty-eight 
persons out of a total of 299 suffered from malaria during the cro; 
season. Not taking account of the cases in children under 8 years of ag 
and the time lost by adult non-malaria persons in attending those w) 
were sick, the equivalent of the time of the malaria people is equal 
the time of 74 adults. A reduction of 25 per cent. in the efficiency 
74 adults equals the total loss of the time of 18.5 adults. An averag 
2 adults per family would indicate a loss equivalent to the total tim: 
9.25 families. 

On the basis that every man, woman and child worked every avail 
able day in the field there would be available the time of 64.75 famili 
To figure on this basis would be as great an error as it would be to fig 
ure that there were 30 days available for field work every month in 
year. There would be no day when every available person over 8 years 
of age would be in the field and all the persons in the field would not ; 
forth maximum effort every day throughout the year. It is estimated 
that for these reasons the available labor would be reduced at least 25 


per cent. This would mean that instead of 64.75 families, there wou 
‘ 


be only 48.5 


there appears to be available the equivalent of 97.14 adults. However, 


families available. With an average of 2 adults per family, 
: } 


other factors act to reduce the available labor. Account must be take! 
of those who have passed the age limit for work in the field, the “ per 
sioners” of the plantation. A funeral will keep practically all 1 
laborers out of the field for all or a part of a working-day. Other dis 
eases aside from malaria keep the laborers at home on working-days. 
It is estimated that the equivalent of one adult out of every ten would 
not be available for these reasons. The available man labor on the 
plantation has been figured on the basis of 90 adults. 

Taking 90 adults as representing the available labor and using Mr. 
Oates’s figures on the days available per month for field work, we hav: 
the following man days available per month for field work on tl 
plantation. 








Month Days Month Days Month Days Month Days 
ae 1,080 April...... 1,337 jJuly.... 1,035 /Oct...... 1,773 
Feb.. 1071 (|May..... 1647 (Aug...... 1890 Nov. 1,521 
Mar.... 1305 June..... 1,719 (jSept...... 1,746 Dec. 1,134 
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The field operations and the man labor requirements 


and oats in north Louisiana are shown in th ng ta " . 


A 


been prepared from figures which were also furnis Mr. Oa 
s 
FIELD OPERATIONS AND MAN LaBor REQ {ENTS 1 ( 
Crop OT i =) S A ‘ 
Cotton Cut stalks De 28 I H 
Break and bed Jar 14 to Mar. 16 6s 
Harrow or drag Fé 6 to Mar { 
Plant Mar. 31 to Apr. 19 
Cultivate and hos Apr. 13 to A i 
Pick and haul Aug. 29 to D 7 ( 
Total for cotton 13.29 
Corn... Cut stalks Dec. 26 to ] 
Break or bed Ja Ma RO) 
Harrow and drag Fe ) M l 
Lay off rows Fe 21 M ) 
Plant Mar ’ M ) l4 
Cultivate Mar. 26 t June 2] & 
Thin or hoe Mar. 24 J 8 


a 
J 
os 


Plant peas i i 
Harvest Sept. 13 t N 


Total for corn } 


(threshed)....| Break Sept. 21 


UOats 





N * t : 
Harrow Sept N 8 . 
Sow or drill Oct ] N { ’ 

J 


l 16 
Cut Ma 2 t ‘ ; l¢ 
Shock Mav 28 t ] ) t 
Haul and thresh June 20 to J 10 71 
Haul grain June 22 to J 


Total for oats 


As the labor involved in the contr 

be considered in this study, the period for t 
required are necessary. These have been « 

. Mr. W. D. Hunter. The period of the opera from May 1 
to June 30. The labor required is equal t 

requirements for hoeing cotton. This amounts to | 

per acre for boll-weevil control work. 

The accompanying chart shows the seasor tion « 

by crops, from the estimates of averag Mr. O 

operation for boll-weevil control in cott Mr. H 

(See chart I.). No account has been taker f 


Ae Alte tease tm 


and the 50 acres of lespedeza hay in arrivi! 


2The figures on cotton and corn are 
planters of northwestern Louisiana. Those on thr 
of 9 planters in the same region, The region is in the sa A! t ts 
as the one in which this stu ly is located. 
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particular region. 





CuartT I. 


The fo'lowing table gives the labor requirements on this plantat 


distributed in terms of days of adult labor required per month, for 823 


acres of cotton, 657 acres of corn, and 200 acres of oats. 

As an example, the operation of cutting stalks in cotton fields 
serve to show how this distribution was made. Cutting stalks re 
.13 man days per acre. On 823 acres this would amount to a tota 
107 days. The period when this work is done is from December 28 
February 4. On the basis of 12.6 days during December when fi 
work is possible, there would be available 1.21 days for field work 
the 3 days in December. There would be 12 days available for Janua 
and 1.7 days for the 4 days in February. The 107 days of adult lal 
required would have to be done in a period of the sum of these availa 


+* 


days, or a total of 14.91 days. To do this would require the time of 7.13 


adults. By assigning the days per month on the basis of the days ava 


able per month for field work, there is obtained a requirement of 9 days 


of man labor in December, 86 in January and 12 in February for cutting 


stalks. The operations for all crops were figured in this manner. 

The accompanying chart (see chart II.) illustrates the relation 
malaria to crop production by comparing the available labor, the lal 
required for the crops, including the labor for boll-weevi] control 
cotton, with the time lost through malaria. It shows that malaria is 
serious handicap to the plantation during the months of May, Ju 
September and October. During these months the operations are « 
vating, hoeing, boll-weevil control and harvest. Maximum lJabor is 
quired during all of these periods. There is a total loss of 660 ad 
days through malaria, in excess of any surplus time, during these 4 


months. 


on this plantation, as figures on these crops are not available for this 



















































Days ApuLT LABOR REQUIRED FoR Crops, DIstTrRIBvu1 


o 
“ 


e Operations S 

c CI 

v “ 
Cut stalks 86 


Break and bed 
Harrow or drag 
Plant 
Cultivate and hoe 


« Pick and haul.. 
eC Total for crop 228 321: 
Boll weevil con- 
trol 
Total for cot- 
ton 228 321 
Cut stalks 62) 7 
Break or bed : 43 445 
Harrow or drag 19 
Lavy off rows 29 
< Plant 
5 Cultivate 
a Thin or hoe 


Plant peas 
Harvest 


Total for corn 105 533 325 


Break 

Harrow 

Pow or drill 

Cut 

Shock ; 
Haul and thrash. 
Haul grain 


Oats (Thrashed) 


Total for oats 


Total for cotton 


Pp 228 321 229 653 1,615 1,687 1,367 

< Total for corn 105 533 325 472 574 445 

=| Total for oats 23. 153 «100 

se Grand total. 333 854 554 1,125 2,212 2,285 1,467 2 
Making allowance for the time lost on 

possible, there was a loss of 420.75 adult days 


neglect. During these 4 months there are 76.5 


work. 


able adults. 


MALARIA 


Feb 


12 


142 257 161 


? 
ve 


63 





May 
June 
J 


Apr 


102 


551 1,164 1,216 1,367 17 


653 1,164 1,216 1,367 


151 471 


653 1,615 1,687 1,367 
47 G5 21 > 
225; 270 160 

9 70 


472 574 445 


8 24 
15 49 
6S ‘4 


The loss represents that of 5.5 adults 


The actual available adult tin 


The time lost is the equivalent to that of 4.54 


the effect of malaria on the efficiency of th 


of 9.25 families, the survey shows that it 


plantation could operate with the same net 
tenant families. 
malaria. 


instead of 


he 74 fan lies 


8On the basis of 823 acres of cotton, 657 a 


oats. 
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Herrick (1903) says, in writing of the effect of malaria uy 
ern agriculture, that “to induce a people to use a remedy it must 
be shown that a remedy is very much needed.” It is the purpose of 
Department of Agriculture to place the prevention of malaria o1 
farm upon a business basis. It remains to show what malaria m 


a cotton planter in so many dollars and cents. 
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CuartT II, 
Each family cultivated an average of 16 acres. The plantatio1 


pended upon the tenants for labor to cultivate an average of 8.23 
each on the day-wage basis. This amounts to a total of 24.23 acres t 


cultivated by the labor represented in each tenant family, an equivale! 
f 270 


of 13.51 acres of cotton. The total loss of the time of 13.79 fan 
is equal to that of the total crop on 186.3 acres of cotton. Wit! ‘ 


average yield of one half of a bale of cotton per acre, this would ¢ 
a total loss of 93.15 bales of cotton. Allowing $70 a bale for tl] 
and seed, this would amount to $6,520.50. 

The amount of share varies under the tenant system. In gen 
though, the plantation management furnishes the land, cabin, mules, 
feed, implements and fertilizer, and advances to the tenant subsiste1 
and seed. Under this arrangement the plantation receives one hal! 
the crop. Against all this the tenant places only his labor. An) 


duction in the yield falls largely upon the owner, since he loses not o 


oe 


his one half of the crop, but a proportion of the advances. In a fail 
of the crop, the owner loses his one half and the use of the land, cal 
mules and implements, plus all advances to the tenant. The most 
the tenant stands to lose is his labor. Not allowing for days when fi 
work was impossible and on the basis of the prevailing day wag 
$1.00 per day, this amounts to $660. The net loss to the owner is | 


$5,860.50. 


a le Ae ttre 





’ 
: 












The a tual available adult 


The actual number of available days f 
months under consideration equals 76.5 day 
to the total loss of 13.79 families is equal 
days during these periods, when there was 1 
190.75 days lost through sickness and a los 
duce d effici ncy. Ea h day of neglect an 1 
being a loss of $4.11 to the owner and $1. 
clusion is that a loss equivalent to on 
malaria on this plantation, when the cr 
and when there was no surplus labor, a 

in the crop returns Ay proximat g2 9 


and $ 


MA 


1,300 through inefficiency fro 
The 


common house-frequenting Anopheles 


rimacu lat us Say ° 
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above survey was made 
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In 
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while Anopheles crucians Wied., was encount 


numbers. 


All three forms of the 
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occur in this region, namely, tertian, estivo 


vailing in the ord 
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STEPHEN HALES, THE PIONEER IN THE HYGIENE OF 
VENTILATION 


By D. FRASER HARRIS, M.D., D.Sc., F.R.S.C., F.R.S.E. 


PROFESSOR OF PHYSIOLOGY IN DALHOUSIE UNIVERSITY, HALIFAX, NOVA SCOTIA 


hy has happened again and again in the history of discovery that : 
some of the most important advances in a particular science hav: 


— 


been made by persons not engaged in the professional pursuit of 
subject. 

No doubt the formal recognition of public health as a science is } 
quite recent date, but there have always been those who have recognized 
the paramount claims of that branch of knowledge now embodied as 
hygiene or preventive medicine. Medical men, as might be expected 
have in all ages been interested in measures that tended to the healt 
the community as distinguished from that of the individual mer 





But persons who were not medical men at all have from time to tin 
either made suggestions of permanent value as touching the health 
the people, or, going farther, have actually made contributions to tl 
science of public health of such a kind that without these progress in 
that science would have been very greatly delayed. The truth of this 
is strikingly brought out in the life of one of the name of Hales, 
clergyman of the Church of England, a man who had neither studied 
medicine nor taken a medical degree, but who was, nevertheless, th¢ 
first person in England to make any serious attempt to provide for th 
systematic supply of fresh air to places where impure air could not 
leave by natural means. The Reverend Stephen Hales, M.A., D.D., 
F.R.S., was the pioneer in the hygiene of ventilation. 

There have been parallel cases in other sciences: the Marquis 
Worcester, though not an engineer, invented the steam pump; Leeuwen- > 
hoek, though not a member of the medical profession, made discoveries 
of the most fundamental order in physiology and microscopical] anat- 
omy; Captain Cook, though neither a physician nor a biologist, investi 
gated from the practical side the causes and incidence of scurvy wilt 
such excellent results to the health of sailors that he was awarded the 
Copley medal of the Royal Society in 1776; Lady Mary Wortley Mon- 
tagu, the wife of the British ambassador at Constantinople, introduced : 
inoculation for smallpox into England; Helmholtz, though not an ; 
oculist, invented the ophthalmoscope; Pasteur, though not a medical 
practitioner, introduced inoculation of attenuated virus for the cur 
of hydrophobia ; and, in our own day, Metchniko*, trained as a scientific 
zoologist, has exercised a most far-reaching influence on the doctrines 


' 





of bacteriology and practical medicine. 
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Mankind did not arrive apparently by the aid of “th 
nature” alone at a knowledge of the supreme nortan entilat 
To some results of great practical importance, purely natural ins 
have guided mankind ; for there are certain things known to be poison 
ous when eaten, certain waters are declared non pot ible; but, as regards 
the quality of the air to be breathed and what constitutes 
the natural teachings are exceedingly ambiguous. The nat 
all right so long as he remains under the open heaven, but as soon as 
surrounds himself with four walls he seems not to know that must 
constantly keep changing the invisible air around n. Nod ; 
because it is out of sight that air is also 
at the present moment there are vast mu 
conceive of air as a real thing, as real as 
as necessary to be kept fresh. Cave-man had no 
tion, nor had those in “ the tents of Shem”: but f1 
began to sleep inside stone and lime he had 1 
he was not in the least conscious of 
moved and the pure air brought in without pr ing a 
To do this is to ventilate. The unpleasantness 
health of this movement of the air was, doubtless, n f t 


awakened to its existence. Not that he has even now ny 1 S 
consciously solved the problem. There are 1 ns of houses " 
length and breadth of the earth entirely unp1 ( 
ventilation; heated they may be, ventilated they are not. Wit r ‘ 
closed stoves and their windows shut, su rooms are 
means of changing the air in them as is a1 
rooms in England with their open chimney, even when no 
ing, and with “sash” windows capable of being eas 
top without causing a draught, may be said 1 exceed W 
ventilated as compared with the typical room one finds on the Continent 
of Europe. All living things vitiate air on breathing it even o1 
living things subsist by means of the absorption of ox 
fresh air: this was what Hales grasped, and he saw 
members of the community were from being in a 
at all times a supply of this absolutely mecessary thoug 
visible material. Hales in England and Leeuwenl n H 
neither of them medical men, were, about t vear 1720 
two persons who saw more clearly than a1 ne else in | 
prime necessity for ventilation, that is, the const 
in the neighborhood of living beings. 
Hales did a very great deal else in scienc : 


tors; he was a pioneer in the experimental method 





and animal physiology quite a hundred years 





experimental science existed in England. 
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health it is not too much to say that as a benefac tor of mankind, 3 


conspicuous in the first half of the eighteenth century. It wi 
difficult to mention the name of any other person co-equal with 
We know very little indeed of his capabilities as a pastor of men’s s 
but it is certain that he had great solicitude for their bodies; he int: 
duced a water-supply into the village of Teddington, and it appears 1 
he actually contrived to ventilate its parish church. His pamphl 
against the abuse of alcohol is probably the first of its kind in Englis 


spirituous liquors.” This, published in 1734, alone enables him 
rank as a pioneer in the advocacy of measures of practical hygie1 


Hales had grasped the very essence and kernel of the principle of vent 


lation, that air must be changed, whether air for plants or for animals, 


air over corn in granaries or over water stored for drinking purposes 
or air enclosed in hot-houses, or air in mines, or in the holds of sh 

or in prisons, or around timber or gunpowder; air must be chang 
He knew that fresh air was inimical to putrefaction, mouldiness 
every kind; he invented an apparatus for blowing air through drinki1 
water stored in ships. On long voyages in the “old wooden walls” 
such water became putrid: Hales showed that it could be made swe 
again if only enough air could be blown through it. We now kn 
what was going on, namely the oxidation of organic matter; but Hales 
died in 1761, thirteen years before oxygen was discovered. It is inter- 
esting to note that Hales had the most definite conceptions as regards 
this necessity for oxygen in ventilation, without knowing what it was 
that sustained life, and without knowing, in anything like its fulness, 
the meaning and importance of Joseph Black’s discovery that animals 
exhaled carbon dioxide from their lungs. Black’s discovery was pub- 
lished in 1754, some seven years, indeed, before Hales died; but it is 
certain that Hales was not indebted to Black; on the contrary, it 1s not 
as widely known as it might be that Black was profoundly indebted to 
Hales. Black wrote: 

I was partly led to these experiments by some observations by Dr. Hales, 
in which he says that breathing through diaphragms of cloth dipped in alkaline 
solution made the air last longer for the purposes of life. 

Before we further examine the value of the contributions made by 
Hales to the hygiene of ventilation, it will be well to trace the order of 
the discoveries of the gases of the atmosphere without which, of course, 
in the long run no scientific basis for the study of the problems of venti- 
lation could have been arrived at. Carbon dioxide was discovered under 
the name of gas sylvestre by the Belgian chemist J. B. van Helmont 
(1577 to 1644) about the year 1640. Having burnt a known weight of 
wood, he noticed that only about one sixtieth of the original weight 
remained in solid form. ‘The other fifty-nine sixtieths he regarded as 


A friendly admonition to the drinkers of gin, brandy and other 
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something volatile to whic! o 
coined on purpose to designate this “s 
dred spirits. Gas sylvestre, because it came 


the burning of wood, was the first name uw 


came a chemical concept in the minds of 1 
The next contributions to accurate notions a it reat! 
hence about the necessity of ventilation, we) l \\ 


(1621 to 1675), who distinctly laid it 
in the act of respiration. ‘These were: (1) a 1] 38 


of air; (2) a constant supply of combust 


necessity for the continuous removal 

r Willis clearly identified the burni: 
in a living animal body; it 1s certain 
chemically the same thing. It was in 1660 that the H ‘ 
who did so much for the early mathematico-physical study of the atmos- 
phere and of gases, performed the fund: nt mi 3 
ventilation, namely, to exhaust the air around a ng anin H 
showed that long before the vacuum was } ect, as 
had both died, and the flame if a cand i gone t. B 
understood that there was something besides 
expired air unfit for further breathing | nimals. G. A. B 
twenty years later was the first to estimate what we now 

tidal air,” that is the quantity of air taken in and sent 
breath, a most important datum as regards t S 
person. 

The Cornishman, Richard Lower, clear 1669 
the blood in the lungs was arterialized by a rbing somet from t 
inspired air, what we now know to L 
certain that the expired air was noxious 
there no need for this change, he writes, 
the most filthy prisons as amongst 
Lower held it as an axiom that where a fi! rms 
animal can breathe easily. The full s 


was not grasped by his contemporaries; 

Haller failed to see all that they i1 
The next step was taken also by an Englishman, an O 

science, John Mayow. Working between 1668 a Lf 

tually discovered oxygen in a physiolog sensi Hi 

aerial particles,” for he identified the su 

the air in breathing, produces anima 

that appeared to be the cause of the combust 

died in 1679; and in England nothing was don r 3 Tes] 

or ventilation until Hales arose to rediscover that Lower and 

Mayow had known well. In some respects Hales was less 

than Mayow, but he caused hygiene to advance to : 







ee 
— = 


Tk 2 ITTY 


3 


et AR Ag 





= 


—— 





444 THE SCIENTIFIC MONTHLY 


tent because he applied what little theoretical knowledge he had to { 
solving of problems of very definite practical utility. He knew some- 
thing of the work of his predecessors Borelli, Lower and Mayow. Hi 
knew that of his contemporary Boerhaave; but, much less technical] 
learned than all of these, he became the pioneer sanitarian of the first 
half of the eighteenth century. He was not a physiological chen 
like Lower and Mayow, but he was the discoverer of a method of sustai! 
ing respiration in the absolutely irrespirable atmospheres of coal-mines 
or burning houses. He suggested that the apparatus might be servi: 
able for divers. He was the father of all such as descend into “ fir 
damp ” and “ choke-damp ” and “ black damp” provided with an inde- 
pendent supply of air in an apparatus capable of absorbing the exhaled 
carbon dioxide. He was the Jubal of all such as handle rescue-appa- 
ratus. He was a pioneer in a great deal else that does not concern 
us now, for he was the first person in this or any other country to obtain 
by experiment on the living animal a demonstration of the magnitud 
of the pressure of the blood in arteries; and he is the father of vegeta 
physiology in England, and he is much else. But we must not imagine 





that, although Hales devised an artificial respiration apparatus, he was 
acquainted with all the properties of carbon dioxide. For just as Vai 
Helmont in the seventeenth century worked with the carbon dioxide of 
combustion without being aware of all its properties, so Hales in the 
eighteenth worked with the carbon dioxide of respiration without real- 
izing all that was involved in his researches. This sort of thing has 
happened again and again in science. Respiratory carbon dioxide was 
discovered by Professor Joseph Black at the University of Glasgow 

1754. In point of time nitrogen was the next constituent of the atmos- 
phere to be identified: this was also by a Scotsman, Professor Daniel 
Rutherford (1749-1819) of the Chair of Botany at Edinburgh. T 

year of this was 1772, the man the maternal uncle of Sir Walter Scott. 
Within two years more, oxygen was separated by Joseph Priestley fron 
mercuric oxide under the name of “dephlogisticated air.” By 1775 
Priestley had found that this gas supported both combustion and respi- 
ration. Had it not been for the phlogiston theory, to which he clung 
with fatal tenacity, Priestley would have been the undisputed discoverer 


1] 
i 


of the gaseous basis of life; as a matter of fact, Lavoisier, as we are a! 


aware, was the man who knew what he had got when by the end of 1774 : 
he had isolated orygen and so named it. 
But we must not forget that Priestley also worked much on the 


properties of carbon dioxide, it was the gas he first studied near a 
brewery at Warrington. As early as 1772 he read a paper to the 
Royal Society showing experimentally that, while animal life could 


not be supported by this gas, plants, on the other hand, restored the 





wholesomeness to air rendered putrid by animal breathing. He also 
demonstrated that by both combustion and respiration the air loses one 
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fifth of its volume: for these researches Priestley received the Copley 
medal in 1773. 
The details of the private life of Stephen Hales are 


ous nor romantic. The son of Thomas, eldest son of Sir Robert Hales 
of Beckesbourn, Stephen was born in 1677 near the pleasant at 
of Beckesbourn in Kent, not far from Cante1 . His: 

Mary, daughter and heiress of Richard Wood, of Abbot’s Langley. At 
the age of nineteen he went to Cambridge, being entered at Bene't 
College (now Corpus Christi), of which he became a fellow 1703. 
In due time he graduated M.A. and he took his B.D. degree in 1711. 
His early scientific leanings may be inferred from his having studied 
anatomy, chemistry and botany as a recreation. Accompanied by 
William Stukeley, a fellow student, later M.D. and F.R.S., Hales 
ported to have studied field botany on the Gog-Magog Hills and on 
Cherry Hunt Moor by the aid of Ray’s catalogue of local plants, and 
also at this time to have made collections of fossils and of butterfl 

It was as a student, too, that he contrived to make a cast in lead of 
the lungs of a dog. He did not neglect astronomy, for acco1 t 


one account he constructed a “ planetarium in rass”’ or, as it was 





called, an “Orrery” on Newtonian principles. Having taken Hi 


~? 


Orders, Hales was presented i1 
Teddington in Middlesex. Not long after he resigned his fi s} 
on being presented to the living of Porloc} Ss 

exchanged for that of Farringdon in Hampshire. T! 

marriage is uncertain: it is thought to have been in 1719; | 

childless in 1721; Hales did not marry again. It was at T 


/ 
_ 


that by far the greater number of his exper 
his own expense he rebuilt the tower of the parish church of St. Ma 

: in-the-Meadows. In 1718, at the comparatively « 
Hales was elected into the Royal Society, and twenty-t 
was awarded the Copley medal—the highest 
learned body. Until within a year or two of his death he comn 
the results of his manifold researches in the form of papers to the 
Royal Society. He published, however, in book form several treat 
his “ Vegetable Statics” saw the licht in 1726. and the “ Ham 
or Volume II. in 1733. Volume I. is dedicated to “ His Royal H 
ness George Prince of Wales” and Volume II. “To the King’s Most 
Excellent Majesty.” This “ George, Prince of Wales,” and the * k 
Most Excellent Majesty” are the same person, for in 1726 George I. 
was still reigning, but by 1733 his son George, who ha Pr 
of Wales, was now George IT. 

Although, then, Hales wrote extensiv 

physiology, chemistry and medicine—for he discoursed on t 





; 


virtues of tar-water and investigated solvents for stone in th 


it is as a pioneer sanitarian that he must ever live in « 
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remembrance. He did not occupy his time in calculations as to the 





number of cubic feet of air required per person per hour, but he 





designed a workable apparatus on the principle of the bellows for tl 





























purpose of abstracting air from places particularly badly situated as 
regards the changing of their air. The earlier forms were worked by 
hand, the later were driven by a windmill, their general design being 
much the same as that of bellows for church-organs. The velocity 
outflow of air from the bellows, Hales expresses as 614 miles an hour, 
a little over 9 feet per second. 

His first paper on the importance of ventilators in mines, hospitals, 
prisons and ships was read to the Royal Society in 1741, in which year 
an almost identical invention was announced by one Martin Friewald, 
“captain of mechanics” to the King of Sweden. So useful was this 
latter apparatus that the French government ordered an installation of 


¢ 


it on all the ships of their navy. Not once or twice in the story of 
invention have important discoveries been made simultaneously and 
often in countries widely distant, as in the present instance. The title- 
page of the treatise in which Hales describes his invention reads thus: 


A description of Ventilators whereby great quantities of fresh air may 
with ease be conveyed into mines, gaols, hospitals, workhouses and ships in ex 
change for their noxious air, and in preserving all sorts of grain dry, sweet and 
free from being destroyed by weevils both in granaries and ships. . . as also 
in drying corn, malt, hops, gunpowder &c and for many other useful purposes 
which was read before the Royal Society in May 1741. 


Truly it was not an age of succinct titles, but its length enables us to 


e ' 
see that Hales had a clear idea of that one thing needful, namely, 
fresh in place of noxious air; he was under no doubt whatever that the 

; air of mines, gaols, hospitals, workhouses and ships, left to itself, be- 


comes noxious and must be changed. This is corroborated by the 
quotation from Milton which follows: 
and God made 


The firmament expanse of liquid, pure 
transparent, elemental air. 





In this work he speaks of “the rancid vapors from human bodies’ 
from this it is not quite clear whether or not Hales was distinguishing 
respiratory carbon dioxide from the noxious vapors arising from the 
skin and lungs. We must at any rate remember, as has been already 
said, that he wrote without knowing of the discovery of respiratory 
carbon dioxide. It is certainly interesting to be told the very latest 
opinion as to the deleterious nature of breathed air is that it is not due H 
to the carbon dioxide per se, but that the headache and distress are 
due to the moisture, the heat and the disagreeable, volatile, organic 
effluvia from the skin and lungs of the persons within the confined 
space. Without any technical chemical knowledge of the precise cause 
of impure air, Hales had grasped the far more important fact that 
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breathed air must be got rid of and sent outs 


atmosphere. 





























It can not in fairness be alleged that those in autho! ty 
1e benefits of Hales’s 


to avail themselves of tl 
adoption in the prisons, where the ventilation was excessivel 

no doubt hastened by the deaths of the Lo Mavor of L 

Judges and an Alderman, all of whom becam 

caught at the Old Bailey Sessions. “The Royal S 

late Sir William Huggins, “ was called upor 

A committee was appointed to investigate the wretched stat 

tion in gaols. A ventilator invented by one of the com: 

erected in Newgate, reducing at once the number of deaths from ht 
a week to about twoa month. Of the eleven workman en 

up the ventilator, seven caught the fever ar ” There is not 1 


slightest doubt that in those days to be sent to prison was t , 


} 


thing as undergoing the death sentence « S01 
Though Huggins does not mention Hales, it is certain he 
alluded to as on the committee who introduced his ventilators 

prison. The version given by Peter Collinson in his sketch of 

of Hales (Annual Register for 1764) differs a little in one or 
ticulars: this writer states that in 1749 Hales’s ventilators 

stalled in the Savoy prison by order of Mr. Henry Fox, later the first 
Lord Holland. Between the years 1749 and 1752 four 

there of gaol fever as compared with between fifty and a 
annum previously. In the year 1750, out of two hundred and 
prisoners, only four died; and of these two died of sn 

of alccholism, so that the salutary effects of Hales’s insta 
immediate and striking. In 1752 his ventilators actuat 

mill and having ducts leading from twenty-four cells 
introduced into Newgate prison: as a result of this, ¢ 


i 


the ratio of deaths after to those befor tl 
to sixteen, that is they had been reduced to less than 50 per cent l 
1753 Hales wrote an article in the Gentlema Ma 


bility of his ventilators to army hospitals 


plica 
He also reported on their means in a smallpox tal. B 
death his ventilators had been installed the pi sat W 
and Durham. In modern terminology, Hales vent 
of foul rather than by propulsion of fresh air. 

Hales’s invention was greatly appreciat n boar . si 
this time were floating strongholds of deat!) 
fever due to poisoning by bad air, only the most 1 
for any length of time. In 1755, Hales wrote a s 


} 


ing paper to the Royal Society, entitled “An account of the t 





benefits of ventilators in many instances in preserving 1 






lives of people in slave and other transport sh 
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speaks of “finding means to procure them fresh, salutary air instead 
of the noxious, putrid, close, confined, pestilential air which has de- 






stroyed millions of mankind in ships.” He says “the principal caus: 






of the sickness in ships is the noxious, putrid air; the obvious remedy 


































the exchanging that foul air for fresh by effectual means which ar 
seldom discovered by dwelling only on objections.” Hales further 





alludes to the “vulgar, false and groundless notion that they take up 
too much room . . . the men are eager to work them.” 
“ Decay,” he continues, “is wholly owing to damp, close, confined, 





putrid, corroding air, so the only remedy for this evil is the frequently 
changing the air among the timbers by plentiful ventilations.” Hales 
published in this paper a letter dated London, September 25, 1749, from 
a Captain Thomson of the frigate Success which is most interesting 
reading : 
Our rule for ventilating was half an hour every four hours, but when th 
ventilating was sometimes neglected for eight hours together, then we cou 
| perceive, especially in hot weather, a very sensible difference by the neglect 
it. All agreed the ventilators were of great service. The men did not need 
i] be urged to work them. Two hundred men aboard for a year, pressed men fron 
| gaols, with distemper all landed well in Georgia. This is what I believe but 
few transports or any other ships can brag of, nor did I ever meet the like g 
luck before, which, next to Providence, I impute to the benefit received by tl 
ventilators. . . . This certainly occasioned all kind of grain provisions to k« 
better and longer from weevels than otherwise they would have done, and othe: 
kinds of provisions received benefit from the coolness and freshness in the ai: 
of the ship which was caused by ventilation. 

Hales then quotes a Mr. Cramond, who attributed the good health 
of his ship with three hundred and ninety-two slaves and Europeans, 
to the presence of the ventilators; twelve of the slaves died, but when 
taken on board they were all “ill of a flux.” The next report is from a 
Captain Ellis, writing from Bristol, December 26, 1753. After lament- 
ing the vis inertie of prejudice and ignorance, Ellis says: 


**Tt does honour to those noble and other worthy personages that join you in 
YI g ; 





acts of such extensive humanity as the introduction of ventilators to hospitals, 
prisons, ships of war and transport &¢ as they necessarily render the miseries of 
the first more supportable, and the close and constant confinement of the others 
less prejudicial and fatal to their health and life. 

The ventilators were of singular service to us, they kept the inside of th 
ship cool, sweet, dry and healthy. The number of slaves I buried was only six, 
and not one white man of our crew (which was thirty-four) during a voyage of 
fifteen months, an instance very uncommon. The three hundred and fort 
negroes were very sensible of the benefits of a constant ventilation, and wer 
always displeased when it was omitted.’’ 

Captain Ellis did better still in his next voyage in 1755, for not 
one of the three hundred and twelve slaves died, and these and all 
his crew to the number of thirty-six were landed alive and well at 
Bristol. Hales goes on to say that the Earl of Halifax (1716-1771) 
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told him of the great benefit derived from ventilators install 
transport-ships to Nova Scotia; the deaths in vent lated to thos 
non-ventilated ships being as one to twelve. Through sol ‘ 
interest of the French man of science du Hamel de Monceau, Hak 
contrived to have his ventilators installed in certain prisons in Fra 
where English prisoners were confined. He jokingly said that he hom 
that he would not be accused of assisting the enemy. The reverend 


sanitarian closes his paper with these words: 


They little consider that it is the high degree of putrefaction (that most 


subtle dissolvent in nature) which a foul air acquires in ng stagnating which 
gives it that pestilential quality which is called the gaol-distemper, and a y 
small quantity or even vapour of this highly attenuated ve the infe 
tion or inoculation for smallpox soon spreads its deadly infect Ought 
men therefore ...to use their utmost endeavours to shun th pestilential 


destroyer by which millions of mankind have perished in ships 


Now this is a somewhat remarkable paragraph to have been written 
in 1755. It undoubtedly refers to typhus fever, known under all the 
following names: putrid fever, pestilential fever, ship fever, emigrant 
fever, hospital fever, and gaol fever. It was, for it is happ 
quickly disappearing, the fever of bad sanitation, the scourge of 
washed, ill-fed, badly housed, neglected specimens of humanit E 


1] 
i 


now its precise cause, whether coccus, bacil 


us or other parasite , + 


known. The very latest suggestion is that it is an ultra-microscopica 


virus transmitted by some insect that infests persons of unclean skins 


But the very fact that to-day we have not isolated tl rus is a 
cient proof of its excessively elusive nature a Vel 


indeed, as Hales says. Of course Hales did not know it as typhus 


fever: typhus, typhoid and relapsing fever were a 


With the rise of bacteriology, the microorganic Origins ¢ f the | t two 


William Jenner about 1850 clearly distinguished between tl 


have been established; the true cause of typhus has still to 
covered. While pathologists are still struggling over the pr 
of this fever, the practical sanitarians have almost banished it from 
Great Britain. Better feeding, more facilities for personal cleanliness, 
and above all a clearer appreciation of what ventilation means have co- 
operated in abolishing this horrid scourge; but let us never forget that 
the initial, intelligent stages of the war against it 
Stephen Hales. 

Amongst other analyses Hales made was the analysis of the expire 
air. He evidently regarded death in explosions in mines and of the 
animals in the “grotto di cani ” as being due to the same poisonous 


gas. 


+ 


Besides attacking and solving the problem of ver 
places as most urgently needed it, Hales devised a method whereby a 
person could enter an irrespirable atmosphere and continue to breathe, 
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if not absolutely pure air, such air as could sustain life for som: 
minutes, long enough to enter a burning house or, as he suggested. 4 


1 


laboratory filled with noxious fumes. The mechanism was a blad 
divided up into compartments by four diaphragms of flannel or lin 
soaked in a solution of potash or “sal tartar” capable, as we now 
know, of absorbing the respiratory carbon dioxide. A tube led fr 
the far end of the bladder and, curving upwards, terminated 
mouthpiece near which were placed two valves, one allowing air 
enter the near end of the bladder, the other preventing it from pass 
back into the far end. The nostrils had to be closed, as they hav 
be in all mouth-breathing forms of such apparatus. The receiver | 
between four and five “quarts of air”; Hales thought that with « 
gallon of air and four diaphragms, respiration could be supported f 
at least five minutes. He remarks, what we can readily believe, tl 
there was much discomfort unless the valves worked easily." 

In view of the prominence which life-saving apparatus has atta 
at the present day, it seems exceedingly interesting to know that 
fore 1726, a practical attempt had been made to construct an art 
rescue-apparatus. Hales himself contemplated its use not only in tl 
foul air of mines, but by divers under water; it is, however, very dou 
ful whether the mechanism as he left it could have been used und 
water. This simple invention is the humble parent of the various 
genious life-saving apparatuses of the present day, the Fleuss, 
Drager, and others which enable a man to remain for upwards of tw 
hours in atmospheres not merely poisonous, but actually deadly. A 
we have already seen, it was this invention of Hales that inspired Blac! 
to discover respiratory carbon dioxide. 

As all men of science know, Stephen Hales may be said to hav 
founded the science of experimental, botanical physiology ; his observa- 
tions by means of mercury manometers on the pressure exerted by th 
rising of sap in vines are classical. Although he was a pioneer, he 
fully acknowledged the work done in plant physiology by Mayow, Grew 
and Malpighi. His views regarding the transpiration of plants and 
their nourishment, and how they utilized some constituent of the atmos- 
phere only under the influence of solar light, were all in advance of his 
time. 

In animal physiology he was also a pioneer, for he was the first to 
ascertain the magnitude of the pressure of the circulating blood: this 
he did by opening the left crural artery of a living animal, the horse 
His method was crude: he merely allowed the blood to rise as high as it 
could (8 ft. 3 in.) in a vertical tube partly of brass and partly of glass; 
but the principle of his method is even now most fruitfully used in 
practical medicine. He studied the general physiology of the blood- 
pressure in arteries and in veins, as also the force and output of the 


1 Cf, ‘‘ Vegetable Statics,’’ Vol. I., p. 265. 
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left ventricle, acknowledging, however, previous work by Harvey. L 
Borelli, Pitcairne, Keill and others. As became every physiol . of 
} 


1is time, he wrote on the “animal spirits’ 
























between the nerves; he studied experimentally the phys 

tion; he produced pneumo-thorax in the dog, and speculat n tl 

sources of animal heat, agreeing with Boerhaave a1 

school in attributing it to friction of the blood and bl iwainst 

the walls of the vessels. He tried to ex 

arterial blood, but on this point he was not so « te 

cessor Lower about sixty years before. He us 

nteresting way to try to gain informati 

contraction in the living frog. He in 

puscles in the living capillaries and no 
illest vessel was equal to that of the bloo 1] 


ry) < 
pill« 


+ 


es in? ion-fluid for bl ] ry 1] 
ot an injyectvion-nhult LO! ) Mi-\ S. i 


renal secretion. 

In what would now be regarded as pure n 
Hales was just as active. He wrote crit 
of “tar-water”:; he wrote on fevers and o1 
heat on the blood, actually suggesting that 
might be due to the too thick blood not passi 
capillaries. He studied the effect of al 
injecting brandy into the blood-vessels of the « H 
centesis abdominis. Hales spent a great deal of t tte to 
discover satisfactory solvents for stone in t 
and actually devised a method of extra 

In the physical sciences he wrote on « 
an instrument for determining the depths of t n: t 
have been of some practical service, but, acco1 to one | int 
lost in the West Indies. Hales invented a1 
harbors. He gives directions for “salting” 

Hales, as we have seen, was patro1 Frede1 ; 
Wales, the eldest son of George II., who died before his fat L751 
His widow Augusta, daughter of Fred Duke of S ( 
the last ten years of Hales’s life the Prir ss Powace? i 
a great regard for the Reverend Doctor, and t 
he so desired it, he might have become a bis! T 
allow, refusing a canonery of Windsor, was 1 , cog 
Closet” or almoner “to the Princess Dowager.” A 
Princess erected a mural monument in ma to his memor West 
minster Abbey. He is not buried there amongst E 
ones, but under the tower of his old church at Ti 7 
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morial is wrought in alto relieve * 3 
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and Botany supporting a medallion of the philosopher beneath wh 
is a globe with the winds portrayed on it in allusion to Hales’s 
tion of ventilators. The laudatory inscription is in Latin verse, 


translation of which I am enabled to give through the kindness 


Professor Wallace Lindsay, LL.D., of the chair of Latin at the Uni- 


versity of St. Andrews. 
To the Reverend Doctor Stephen Hales, 
Augusta, mother of good George III, 
Erected this monument. 
She selected him for her chaplin. 


He died, January 4th, 1761. 


At Hales’ tomb which Augusta caused to rise with gleaming stone a 
have due beauty, Piety and grey haired Faith and supreme Virtue, a sa 
band, drop constant tears; while above the dead prophet divine Wisdon 
claims, ‘‘ He was skilled in helping men’s troubles, he too in tracing G 
works. No lapse of time will weaken your praise, great Hales, or you 
England is proud to enroll you amongst her noblest sons, England who 
boast a Newton’’! 

This is interesting as being almost a contemporary estimate of H 
His medical work and researches as a sanitarian are evidently allud 
in the phrase “ helping men’s troubles”; his more purely scientifi 
being alluded to in “ tracing God’s works.” Sir James Edward $8 
the physician and naturalist, said “his philosophy was full of piet 

Seeing that the stone over the grave of Hales has done duty as 
of the flag-stones of the porch of the old church of St. Mary’s, Teddi: 
ton, for more than 150 years, it is not surprising to find that its ins 
tion is now almost entirely worn away. In January, 1911, a nw 
of English botanists unveiled a tablet on the wall of the porch of 
tower which they caused to be inscribed as follows: 


erate 


Beneath is the grave of Stephen Hales. The epitaph now partly oblit 


but recovered from a record of 1795 is here iuscribed by the piety of certai: 
les, D.D. cler! 


botanists A.D. 1911. ‘‘ Here is interred the body of Stephen Ha 


of the closet to the Princess of Wales, who was minister of this parish 51 yea 
He died 14th of January, 1761, in the 84th year of his age.’’ 


One of the few redeeming features in the character of Fred: 


Prince of Wales, was his friendship for Hales. It is not very far from 


where the Prince lived at Kew to where Hales worked at Teddingt 


and so H. R. H. would frequently drop in and watch the scientific clerg) 


man surrounded by his pressure-gauges, bellows and crucibles. 
Another, and much more distinguished neighbor of Hales, was t 
poet Pope with whom he seems to have been pretty intimate. Cert 
it is that the Reverend Doctor was one of the three witnesses to the w 
of the wicked wasp of Twickenham dated December 12, 1743. 
Pope alludes to Hales as “ plain Parson Hale” in the second of 


moral essays (the poem is “Epistle II. To a lady: of the character 


of women”). The lines are: 


2 lr 
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Alas! I copy, or my draught would fail 
From honest Mahomet or plain Parson Hal 
I confess I don’t know what this means, but o1 
warrantable liberty taken with Hales’s nar 


this is: 


- 
Dr. Stephen Hale not more estimable for h eful 1 natura 
philosopher than for his exemplary life and past | charity as a paris] 
Pope. however, has left it on record that he highly pproved of 
> ‘ 


the doctor’s vivisectional experiments. P 
was for a time a parishioner of Hales. 
We strongly suspect that the theolog H : . 


his religious discourses dull. Absolutely corre as fr irdas Tf Sex 


morality of his own life, he appears to ha lealt pretty s« 
any erring mi mbe rs of 1S flo > for there S 


women whom he made do public penance i1 
resembling the custom amongst the strictest the Scott ( 
at of English Episcopalians. 

At least one sermon that Hales deliver 
cause it was published as the anniversary s 


Royal College of Physicians in the church of St. Mar 


tember 21, 1751. It is now a rare 

and goodness of God in the format 

the institution of Dr. Crowne and : L Ss 
, Stephen Hales, D.D., F.R.S., Clerk of the ¢ tto Her R H 


17 


the Princess of Wales.” It is so full of 
logical allusions that it reads far more like a 
than what we should consider a sermor (not : 


7 Hales in 1734 has come down to us. His text was Gal. VI., 2, 1 
audience the trustees of the colony of Georgia, for H 
trustees of this newly founded colony (1733) 

. Another of Hales’s neighbors was t! lilettante, Horace V 


who lived near by at Strawberry Hill: h H 

“poor, good, primitive creature.” A 

ologist Haller, declared that Hales was 

and born for the discovery of trut] 

, Hales must have been modest, for t 

him in contemporary literature. He is 

chapter on Science in Ashton’s “ Social life ir () \ 

By his scientific peers, however, his wort ! Ir 
; 1726 the University of Oxford conferred o1 D.D 
The Royal Academy of Sciences at Paris in 17? H 

the eight foreign members in the room of Sir Ha S 


deceased. 
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The botanist, John Ellis, named a genus of plants, Halesia, in | 
of him. 

Hales’s portrait was painted by Thomas Hudson (1701-1779), 
English artist who had the honor to have Reynolds for a pupil. 1 
monument in the Abbey is by Wilton who executed Wolfe’s in the sam 
sanctuary. 

One of the most scholarly accounts of Hales is from the pen of P: 
fessor Percy M. Dawson, M.D. 

To arrive at any definite ideas as regards Hales’s views on his 
times or on the society of his day is very difficult, since almost all 1 
we know of him is in an exclusively scientific environment. Seeing that 
his patrons were the Prince and Princess of Wales and that he was q 
intimate with the Duke of Cumberland, he could hardly have been ot 
than an ardent Hanoverian. From all that we have to judge by, Hales’s 


iN) rd} 


personal tastes harmonized with the Georgian Philistinism around 
for he is reported to have removed a beautiful east window in the chur 
at Teddington, substituting for it something of greatly inferior beaut 
Hales lived through a period that was by no means destitut 
incident; it included the Handel-Buononcini controversy, the Ja 
Rising, the quarrels of George II. with his eldest son, the battles 


Dettingen and Fontenoy, the failure of the great attack on Carthagena 


(1741), the development of Britain’s resources under the peaceful 
ministration of Sir Robert Walpole, the commencement of the vigorous 
rule of William Pitt the elder, Wolfe’s magnificent achievement on t 
Heights of Abraham, Clive’s crushing of Surajah-Dowlah at Plass 
the reform of the calendar and the preaching of Wesley. 

Pope, Gay, Young, Thomson, Cowper, Johnson, Gray and Col 


} 


in literature; Hogarth, Gainsborough and Sir Joshua in art, Hand 
music, and Sir Hans Sloane in science are the names of honorable mei 
tion during the life-time of the Rev. Dr. Hales. 

While we congratulate ourselves on having attained to an under- 
standing of the principles of ventilation, on having abolished typhus 
fever from our hospitals, prisons and ships, on having devised apparat 
for sustaining life in irrespirable and deadly atmospheres, let us n: 
forget that the initial stages in the comprehension of these things wer 
worked out not by any high-placed, well-paid, public official, but by a 
modest amateur, the scientifically minded, country clergyman, Stephe1 


Hales. 
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PHILOSOPHICAL BIOLOG) 


THE PLACE OF DESCRIPTION, DEFINITION AND CLASSI- 
FICATION IN PHILOSOPHICAL BIOLOGY 


By Proressor WM. E. RITTER 


SCRIPPS INSTITUTION FOR BIOLOGICAI 


Empirical theory of knowledge tends to regard detailed, complete descrip 
tion as identical with explanation. Professor R. Adamson. 
it would hardly be too much to define logic as the theory of classifica 


tion. ( Ww. Ss. Jevons. ) 

Science can extend only so far as the power of accurate classification ex 
tends. If we can not detect resemblances and assign their exact character and 
amount, we can not have that generalized knowledge which constituti ence 

W. S. Jevons. ) 

. the mathematical and mathematico-physical sciences have, in a great 
degree, determined men’s views of the general nature and for: 
truth; while natural history has not yet had time or opportunity to exert its due 


influence upon the current habits of philosophizing. Wm. Whewell 


] WISH to point out in the briefest way possible the vit 


to biology of the truth of these statements. 


We are familiar with the view that the transition from t 
Darwinian to the Darwinian era of biology was accompanied by a com 
plete revolution of conception as to the significan and va 
systems of classification of living beings. The current n 
old taxonomy was superficial in that it was met it 
that, with the oncoming of the doctrine of evolution, it became pre 
found because it then became a record of evolu . W 
we are wont to say, the schemes of classification were ot gical, or 
verbal, those of the present era are truly scientific, because natural ; and 
they are natural because based on genet ndred. And 
of many biologists the still further notion has gain 
systematic zoology and botany should be looked upon as 
juvenile period in the life of biology; and as having | 
left behind when evolution came, something as a boy’s fals 
beardless face are left behind when pubert is reac! l. It is t s view, 
I suppose, which makes many a present-day rist feel that if by 
chance he is caught having anything to do w escriptiol 
fication, he must explain that it is only a little | iy W 
is not really interested in it, it being too small a matter to t the 


full occupancy of his manly powers. 

I want to show three things: first, exactly what 
taxonomy as biology has progressed ; second, something of the monstrous 
ness of the fallacy into which biologists have fallen in conceiving taxon- 
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omy as an outgrown stage in the development of biok 
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gy; and third 
something of the wretched consequences that have resulted from the fall, 

A quotation from Huxley’s “ Life of Owen” may serve as a starting 
point of the discussion : 


The classifications of the scientific taxonomist are of two kinds. Those of 
the one sort are merely handy reference catalogues. . . . The others, known as 


natural classifications, are arrangements of objects according to the sum total 


f 


their likenesses, in respect of certain characters. . . . And natural classificat 
is of perennial importance, because the construction of it is the same thing as 
the accurate generalization of the facts of form, or the establishment of the e1 


pirical laws of the correlation of structure. 


That which makes taxonomic biology as practised by many syst 


atists genuinely superficial, and has so depreciated its 


value 


minds of many biologists, is failure to distinguish sharply and se: 


profound significance of the difference between the two sorts of cl 


fication referred to by Huxley. The sort of classification which he ca 


“merely handy reference catalogues,” I call synoptic classification, and 


remind the reader that such classification rests upon synoptic descri; 


tion. The other sort of classification, said by Huxley to be of “ pet 


ennial importance, because the construction of it is the same thing 


the accurate generalization of the facts of form,” I call analytic class 
2g : y 


fication, and ask the reader to note that it rests on analytic description, 


just as synoptic classification rests on synoptic description. 


must state that analytic description and classification wi 


] 


And here ] 


] include col 


siderably more, as I use them, than was included by Huxley in his second 


sort of classification. 


In order to bring into clearer view the close kindred between t! 


1 


biological and the logical aspects of our subject, we shall so choose our 


language as to fix attention quite as much on the meaning of the names 


used, as on the natural objects to which the names are applied. 

If any one is disposed to shy at the proposal to thus connect biology) 
with logic, he may be reminded of a dictum of one of the most famous 
and also the most objective of biologists—Cuvier. “In order to name 


well, you must know well,” said the father of comparative anatomy. 
The import of this straightforward statement is that natural science 
deals with natural objects and that the names of these objects are the 
instruments by which the work is done. As a speculator, Cuvier did n 

escape the common weakness of the class, that of permitting Ideas to so 


intrude themselves between object and name as to prevent assuranc 


that the two should really fit each other; but, as naturalist he stood 
firmly for the practise of making both knowing and naming apply ver) 
directly to the object. So far he was on the road to the sound position 
later definitely taken by J. S. Mill as a logician, that common sense is 
right in calling the word which stands for an object the name of the 


object, and not merely the name of our idea of the object. 


PHILOSOPHICAL BIOLOG) 


Biology and logic, as understood 
in common in that biology can do nothing w 
are its subject matter except through the 
of names: while logic can do nothing reall 
ideas concerning living beings unless th 
terparts in the objects themselves. 


To be explicit, we shal 


} 


dea] witl 


} 
| 


classification of man; but instead of doin 
if the systematist, we shal] talk about the m¢ 
Imagine a normal child born on an oc 
inhabitants of which are its mother and itself 
the mother, an educated woman, has tat 
except about other human beings or ot! 
fragment of information has she imp: 
kind, other than its mother. What woul 
knowledge of the humankind? Does a 
considerable, definite and real? Would not 
form and countenance and voice, and many 
as well as though it knew innumerable other 
It would have a descriptive, but no definit 
in so far as the knowledge of itself woul 
knowledge of its mother. 
Authorities on logic make a good deal 
crete individual object can be described, but 
say, furthermore, that description is synonym: 
tion,” this latter being again defined as assign 
an individual. But since the “accidents” 
according to much historical logic, set over 
dents” have usually been treated by logic 
homely, despised sister, in the family of so-called 
I find justification for going thus much 
fact that recent biology has shown a strong 
logic in exalting essence and despisit 
The practical point to be brough 
nificant, or obscure, or transitory, 


object, in so far as that attribute is 


it furnishes just as trustworthy a piece of 


as any attribute whatever can furnish. 

Suppose the mother of our hypothetical isla 
her chin; or that the sunshine brought out 
disappeared again during the winter. These n 
according to logic; and biologically regarded wi 
cant. But they would be as indubitable element 
edge of its mother as any other elements that « 
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Let me ask any reader who is “ keen” enough on the different kinds 
of automobiles to be able to distinguish most of the “makes” as t 
are passed on the road, what marks he relies on for identifying ea 
type of car? Is it not true that in most cases you depend upon one or 
a few very trivial things? Color comes in; but, on the whole, one fi 


iY 
Al 


himself giving less attention for identification purposes to this con- 
spicuous attribute than to others far less conspicuous. Just now the 
shape and color, not the name, of the manufacturer’s plate placed on 
the radiator of so many machines, is a good identification mark for 
machines coming toward one. For the rear view of a machine with t 
top up, the number and shape of the window panes in the back curtail 
are useful marks. 

The purely logical points deserving emphasis in this familiar but 
typical case are: first, the trustworthiness of the identification marks 
in spite of their triviality. The number and shape of the windows 
the back curtain are just as positive and real as traits, that is, they 
are, logically regarded, just as important attributes of a particular class 
of machines as the number and shape of the cylinders; and second, the 
fact that using the marks in the way we do is purely descriptive, so 
far as concerns the recognition of an individual machine, but is defini- 
tive in so far as that machine is differentiated from any other kind of 
machine. Had there never been more than one automobile made, s 


that then there could be no question of distinguishing it from others of 
its kind, the windows would still be no less positive and real, though they 
would not, manifestly, then furnish distinguishing traits within the ge1 
eral class automobiles. But here there comes to view a difference of 
the utmost importance between the way attributes are definitive of man 
made objects like automobiles, and natural living objects like 1 

In the first class of objects we are perfectly sure that many, usual! 
most, of the attributes which the old logic would call accidents 

no genuinely dependent relation to most of the other attributes of 
object; while in living beings, especially of the higher classes, we 
now certain that the great majority, if not all, the attributes, even 
those which formal logic would call accidents, are in vital relat 
with many, usually very many, other attributes. Thus recurring to th 
shapes of back curtain windows in automobiles and freckles on the nose 
of our hypothetical island mother, we know that the former have no 
fundamental relation to the more essential attributes of the machines, 
as, for example, the style of engine or carburetor or magneto; while o! 
the other hand we know with equal certainty that freckles are vitally 
related to, indeed are wholly dependent upon, various other attributes, 
notably the complex attribute known as complexion, which again is 
vitally related to the blood system, and so on. 

There are few, if any, points at which biology is more at sea than 
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in this very matter of the factual and logical, 1. e., the objectiv: 
subjective relation of the attributes or traits of organisms to 
other and to the whole. 

We now return to the problem of defining the word man. By 
time any normal child is four or five years old he is in p 
the raw materials of a fairly comprehensive and entirely r 
cription, a less extensive, but still unequivocal, definition, and 1 rst 
of the essentials of a classification of man. He positively knows so1 
of the attributes which distinguish a man from a house or a 
some of those which distinguish him from a tree; probably some 
which distinguish him from a fly; probably, too, some of thos 
distinguish him from a chicken; and almost certainly 
which distinguish him from a dog, a cat, a cow, and a horse. Ina 
he has the raw material for the synoptic description and classifi 
of man; that is, for the synoptic meaning of the wor 

Attention should here be called te the fact that the synopt Sal 
fication of man as elementary biological instruction presents it is 
to be slighted at its two ends. Too frequently, the beginning 


with: 





Kingdom, Animal, and runs on: 

Province, Metazoa 

Phylum, Vertebrata 

Class. Mammalia. 

Order, Primates, 

Genus, Homo ...and ends with 

Species, SN l 

The point of criticism is that the super kingdom, the E1 

our terminology must retain its ancient monarchic coloring), 
constantly enough included at the broad end; and at the nar end 


the subspecies or varietv is more freq lently s ted than 


“Empire, Living Being, or Orgainsm, or Bios” 
included as the logician’s genus generalissi) > and, at th 
“Individual, Eleanor, Ezra,” etc., ought to b i 
logician’s species specialissima, or infirma sp 

The synoptic description, definition and classification of man vw 
then be: any natural body which is multic ar has a verte 
suckles its young, habitually walks erect on its hind limbs ar 
its fore limbs for prehension, and talks rationally. And this 
both a biological and a logical meaning of 1 vord man. 


It is desirable to raise the question at this point as 





ence between the biological and the logical meaning of the term man 
The kernel of the difference seems to me statable thus: The b fost 
possible biological meaning of the word spreads it out, as one might 


say, evenly over the whole living world, 
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logical meaning does not do this. The insular mother whom we invoked 
in imagination may be supposed to teach her child formal logic, a1 
so doing, to make use of herself and her child to illustrate the logician’s 
use of the terms genus and species. She might say to the child: 
You and I are natural bodies like the rocks and the clouds; but since we 
talk with each other, a thing which neither rocks nor clouds can do, we are par- 
ticular kinds of natural bodies. When bodies stand in such relation as this to 
one another, we, as logicians, speak of them as being in the relation of genus 
and species, 


So far as I can see, this example, if supplemented by others of 
like import that might be drawn from inanimate nature, could be m 

to completely satisfy the needs of formal logic as touching its 
trines of naming, defining, dividing, classifying. In a word, formal 
logic is not obliged to take cognizance of the fact that living nature 
contains any organisms other than man himself. Logic is something 
that can be used upon living beings generally with great effect—son 
thing that can occupy itself very interestingly and profitably with su 
things, but it is not obliged to be so used. 

Logic goes to nature to get illustrations of how thought wo 
rather than to actually learn nature. Reverting to Jevons’s statement 
that logic may be defined as the theory of classification, we may remark 
that, so far as external nature is concerned, while logic may be defined 
as the theory of classification, it can not be defined as the practise of 
classification. It is important to call attention to this distinction be- 
tween logic and biology since even biologists frequently fail to recogni 
it and are beguiled into trying to impose the laws of thought upon 
nature by asserting that such and such a supposition about nature is a 
“logical necessity.” Although logic is so important to the natural scien- 
tist as an instrument, quite as important is it never to forget that it is 
only an instrument. Logic is one of the many children of nature; it is 
not its parent or ruler. 

A practical point to be noticed here is that right regard for logic 
in the business of the taxonomist clearly reveals both the unwarrant- 
ableness and misfortune of the view, so widely held, that synoptic 
descriptions and classifications are artificial or puerile, and devoid of 
scientific value. If such a definition of man as that just given does 
not express his nature—is not a natural definition—in what terms, 
pray, can he be naturally defined? The definition is natural, but 
meager. This and not its artificiality is its fault; and from this fault 
arises the need for the second kind of classification spoken of at the 


outset. 

To this other sort of classification and the second meaning of the 
word man, we now turn. Logic lays great stress on the difference 
between extension and intension in the meaning of names. When the 
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word man is merely thought of as applying 
human species, its meaning in extension is 
other hand, thought goes to the attributes 
a man, rather than to individual men, it is 


in intension of the word. 


Now, as to our point about the second, 


man—the analytic meaning of the wor 
that 
naming of objects, but with the attributes 

Let the 
botany has for years, so far as it 


meaning in intension is « 


reminder 


reader recall that taxonomi 


sively, taken as one of its guiding prin 
means, stated in the terms of logic, that 


In 


corporated into its purpose and metho 
This is really, 1 be 


lie ve, What Wa 


intension. s 
in the back-ground of it, when he assert 
classification is the “same thing as the 
facts of form.” 

A prime object of this paper is to cont 
reached a stage in its progress where we Ca 
dictum “ neglect nothing ” to morphol cical 
it to all attributes of organisms whatever—n 
ecological, chemical and all the rest. And 
that the movement of biology in this dir ( 
tinctly seen by at least one biologist nearly a « 


Treviranus. “The doctrine of organiza 


viUl, 


upon comparative anatomy, OI the systemat 
bodies, and on organic chemistry.” 

I believe a comprehensive review of th 
results won during the last five and twent 
vince any one that each of the main provinces 
physiology, ecology, experimental behavior y 
no less than histology, cytology, ryoiog 
furnish differentia for a classification of th« 
searches: or at least that they contain dif! 
systems of classification previously establis 


morphology. 
What does this signify for thi 
problems, and for methods and enterprises 
It signifies many things, one of which 
and may be put into the following gene 


} 


phenomenon is adequately interpreted or 


until it has been considered with reference t 


isms to which it pertains hold in the system 
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trate, no generalization about the chromosomal structure and 
havior in the spermatogenesis of species z of genus a can be accept 
as fully valid until compared with the chromosomal structure and 
behavior of species M, N, O, P, etc., of the same genus. And a like 
restriction must be placed on generalization about the reaction of spe 

x to light, or to any other stimulus, or to its distribution in nature, a 


so on. 

To undertake the recital of special researches in support of this 
proposition would be to undertake the review of most of the recent 
vestigations in the provinces of biology mentioned. And notice this: 
The results of these researches look in the direction indicated des; 
the fact that in most cases the studies had little or no systematic int: 
tion. The great amount of evidence of this purport is mostly incident 
to other motives of investigation. 

I would not be understood as advancing the hypothesis that ev: 
species of plants and animals differs from every other species to s 
extent in every attribute. What I affirm is that the inductive evider 
has now gone so far toward proving every sharply differentiated species 
to contain some differentia in all the main provinces of their struct 
and function, that to assume the absence of such differentia in any giver 
case, is unwarranted. 

Although in the interests of practical biology it is desirable tl 
a searching examination of the whole range of biological knowledg 
should be made from the taxonomist’s standpoint, for a short theoretica 
discussion like that in which we are now engaged all that is incumben 
upon us is to look, and that only cursorily, into a single province 
biology, namely, biochemistry. This is all that is necessary, I s 
because the analysis of all phenomena of life into chemistry and physics 
being the ultimate goal of biology according to the now dominant 
biological philosophy, if it turns out that the chemical analysis is ex- 
haustive only when done on the basis of taxonomy, then it would seem 
to follow necessarily that all phenomena of structure and function 


intervening between the grosser morphological features with which taxon- 
omy has for the most part busied itself, and the ultimate physico- 
chemical features, must also be brought to a taxonomic basis before 
they are exhaustive. 

It would be difficult to find a better example of weightiness of 
inductive evidence as dependent upon cumulation in particular lines, 
and convergence of different lines, than that presented by biochemistry 
bearing on the hypothesis here under consideration. Concerning the 
evidence of the chemical differentiation of species drawn from investi- 
gations on the blood of higher animals, recall the results of Reichart 
and Brown on the crystallization of hemoglobin. Here is one of their 


statements: 
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Each form, a-oxyhemoglobin, b-oxyhemoglobin, et appears always 


] ; ‘ ffearant 


own proper form and axial ratio when the blood of 
same species is examined. . . . But upon comparing th rresponding 


in different species of a genus, it is generally found that th ya ffer 


] 


the other to a greater or less degree; th 


the differences being such that wher 
plete crystallographic data are at hand the species can be distinguished 


differences in their hemoglobins. 
Let us assume there is ground for questioning full trust 
ness of this conclusion. Notice the strong presumption of its 


. reliability produced by its accordance with evider fro! LW 
} r 


ferent nd ot research on the sé 
precipitin reaction ; and from still another 
hemolytic action of one blood upon another. Nor s 
recognize the convergence of evidence f 


isms drawn from comparative investigation 


of digestion: and from such direct analyses 

those of the sperm of many species and genera 

one other line of evidence of like pu 

chemical, though not usually so cited; namely, that of 1 : 
flavors of plants and animals. ‘This is an e ! I 
inquiry, even though difficult of cultivatior ordil 

methods. The methods to be chiefly relied 
senses of smell and taste, and it is interesti1 1 

available for utilization not merely these senses in n t 

as well. In the olfactory sense of the ant and the s y 


for example, we have a method of chemical 
| 


tive chemical analysis if you please—which seems to s 
anything laboratory manipulation can hope to attair 
Natural history and biochemistry are 


} 
geth 


er by the very nature of their subject matt 

and botany are becoming chemical in part, and chen 
ing zoological and botanical in part. Organisms are in 
“reduced to chemistry” in the familiar pn 
only half the story, unless it specifies the ; 
they are reduced. Each kind of organism has a emist! 
extent unique. In one of its aspects b 
division, or branch, of systematic zool i 

has been for a long time. “ Almost any grou { BL” § M 
“would offer a favorable opportunity for t] 

fication.” Seemingly the same may be said ! subst 


Many biologists working in several pr 
particularly in those which, like cytolog 


with the minute and difficultly observed str 
isms, appear to be laboring under the delusion that t 


thing totally different from description. T 
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apart from and exalted above description if they can apply the terms 
analysis, or especially causal analysis, to it. As though the treatm 
of causal factors which are intrinsic in an organism were not part of 1 
description of that organism, and as though causal factors extrinsic 
the organism; that is, belonging to the organism’s environment, wi 
essentially a part of biology at all! I believe full and unbiased consid 
ation will convince any one that the word analysis, occurring so frequ 

in recent biological writings, always means analytic description a 
classification, as these terms are elucidated above, if it has any object 
meaning at all. It is undoubtedly true that as touching organisms th: 
selves a vast amount of analysis has been practised upon them that is 1 
descriptive; but this is because it is purely speculative—because it 
subjective and not objective. Most of the analysis of the characters 
adult organisms into “determinants,” “determiners,” “factors,” ei 
of the germ, is of this sort. And as touching the environments 
organisms it is a remarkable thing once one comes to notice it duly 
the results of innumerable researches have been published in biologi 
journals during the last two or three decades, that were not in a str 
sense biological. The studies were undertaken not so much to learn t 
nature of organisms as to test the properties of certain physical ar 
chemical agents in respect to their influence on organisms. Incidenta 
one might almost say, they have brought out many suggestive facts alx 
how organisms may behave when placed under unusual and unnatur 
conditions. But they have not taught us so very much about the norn 
behavior of normal organisms under normal conditions. Indeed, a « 





siderable number of biologists have been so bewildered by what thi ay have 
seen and by their mode of speculating, that they have seriously ques 
tioned whether there is such a thing as a normal organism in a norn 
environment ! 

The sooner it is borne in upon the minds of all students of living 
beings, no matter with what aspects of such beings they may be occu 


pied, that they are engaged in the great task of describing and classi- ; 
fying the living world; and, so far as “ pure biology” is concerned, ar 


doing nothing else, the sooner will objective biology get itself set off 


from subjective biology and the sooner will philosophical biology become 
purged of the many morbific growths which now impair its health and 
mar its beauty. Never more than in this present day when experi- 
mental research has gained so wide and lasting, and, on the whole, benefi- 
cent a hold in biology, has there been need of fidelity to description and 
classification. Never more than now, I say, because the practical work 
of experimentation on organisms does not promote observance of the 
classifier’s watchword neglect nothing. Indeed, when the experimental 
method is raised, as some enthusiasts try to raise it, to the high place 
of an end in itself, the tendency is rather to neglect everything except 
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the one or a very few things which the experimenter must 


n ake the « bject of each special plect of wo1 
Although the practical biologist knows that ; strivings after ex 


] 
\ 


nation are utterly futile unless always accompanied by des tior 
spell of subjectivistic metaphysics is still so strong over s 

many biologists have yet grasped the fact that 

reached through description. Investigators ra s { 


the explanations they propose are usually 


the proof, or the greater or less probability of trut f these ey tiol 
(hypotheses) are wholly dependent upon the accura 
description to which the organisms are subjected t as 


to which the explanations pertain. Take 1 Issic casi Goethe’s 
explanation of the flower as a transformed bra with its leaves 3 it 
not true that just in so far as this explanation is accepted 

the basis of the accepted descriptions of flowers and branches a 

If a true explanation of cancer is ever reached does any on 
recognize, when he thinks about the matter, that it must com: 

form of well-verified description and classification of the whole complex 
of organic phenomena implicated in the disease ? 

A true though incomplete distinction between descripti 
nary sense and explanation in the ordinary sense is that the ] 
describing is very little guided by hypothesis, while explaining is v 
largely sO guided. 

Early in the paper, I promised to say something ab 
effects that have flowed from the neglect by modern biology 
ciples of description and classification. Sine systeme chaos, is t 
standing at the head of an elaborate, recently published wo1 
arrangement of the animal kingdom. This motto should be adopt 
substance at least, for any and every comprehensive biological treat 
matter in what field; and I insist that failure to a t it has 
the speculative biology of our time into a literal state of chaos 
The revolt against the dry and formal nomenclatorialism 
biology had wandered in the pe riod immediately preceding arw 
gone so far as practically to deny that many of the 


lished, most important names in biology have any essential meat 
iv 


all. Witness, for example, the effort now taking shape with a few 


gists, notably with J. S. Haldane, “to rais 


4 


level of a category,” as Henderson hi: 
taking. As a matter of fact, the effort is to restore, 1 to 
elevate the term, for a study of the history of 

discloses that the term organism was long ago accepted as a 
the very best writings. For example, whenever th 5 
a3 an “elementary organism,” as it has usually been since Bi: 


VOL, 11.— 32. 











ee MEE 5 








+ ee 


ee ne Sey 


to 





466 THE SCIENTIFIC MONTHLY 
conceived it thus, organism is acknowledged to be a “ category ”—a r 
entity—of biology. 

From the extreme devotion to description and classification whi 
characterized the older biology, the new has gone, in several of its m 
important aspects, to the opposite extreme of scarcely any accurate d 
scription and classification at all. Very few biologists appear to have 
considered how this attitude toward systematization has affected phil 
sophical biology, and especially the biology of man, and so the genera 
theories of human life, and influence upon human conduct. 

We approach here a matter of vast scope, one altogether too vast 1 
be more than touched in a communication like this. But there is one 
segment of it which, though lying close to the field of biology proper an 
of great importance, appears to have attracted the attention of profes 
sional biologists but little. 

I refer to that melange (the thing will not allow itself to be called a 
system) of utterances and more or less definite teachings about the human 
species that has got into men’s minds during the last thirty or forty) 
years, and has found its fullest expression in the writings of Friedri 
Nietzsche. 

Surely biologists have not taken as much note as they should of thé 
insistence by philosophical anarchists and other disciples of Nietzsche 
that their prophet is the particular and supreme “ philosopher 
evolution.” 

Into the tumultuous whirlpool of discussion of the Nietzschean do 
trines I have no wish to enter, at least in this place; but a few things 
about it I believe ought to receive consideration by biologists, especial! 
by American biologists. Should the matter be thus attended to, I | 
lieve it will be seen that there is a great measure of truth in the claim 
for Nietzsche as the philosopher of evolution; evolution being con- 
ceived as it usually has been in the modern period; and the particulai 
point I want to make is that he did his philosophizing, primarily about 
man and very secondarily about the rest of the living world, in all but 
total disregard of, seemingly in almost total ignorance of, the natura! 
history aspect of biology. His appeals to physiology, or something he 
called physiology ; and to some of the results and conceptions of physio 
logical psychology (although I do not recall his having used exactly this 
phrase) were constant and often very telling. But his neglect of, yes 
more than that, his positive antipathy for the systematic, the coordina 
tional, the interdependent aspects of living nature are striking indeed 
once one comes to study his works with the point definitely in mind. | 
have searched, vainly, both in his own writings and in those of several 
professed followers of his, for evidence that the conceptions organism and 
“organic” with the meaning these terms have to every genuine natura! 
history biologist, enter in any definite and positive fashion into his 
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philosophy. And here is the point that ought to arrest the attentior 

scientific men, indeed of all thoughtful persons. So far as concerns this 
vital matter the Nietzschean school is in strict accord with the “| ts 
fy 
0) iu 


Listen to this, one of Nietzsche’s “ Apophthegms and Darts’ 
ring in the “ Twilight of the Idols”: 


hilosophying,” as Whewell calls it, now dominant in 


I mistrust all systematisers and avoid them. The will to system is a lack of 


rectitude. 


. What a familiar sound this has to those who, from being at home in 
the discussions of recent sper ulative biol gy, have had dinned in the 
ears the doctrine that systematic zoology and botany are old-fashioned, 
childish and insignificant! Of course any one even moderaté 
quainted with Nietzsche’s writings knows that what he was aiming 
primarily in inveighing against systems was the systems of trad 
philosophy. And undoubtedly, as Miigge remarks: “many e be 
drawn to him for this very reason.” Presumably most persons, be t] 
scientists or philosophers, or be they admirers or detestors of Niet 
would easily and willingly recognize that he knew little and cared less 
about the systems of natural history. They would go further and say 
that that fact had no essential relation to his antipat 
tems of philosophy. And this brings us back to the main point 
point to which, according to my view, men neither of scie1 
philosophy have given sufficient attention, name!y, that the system, t 
orderliness which every educated person now knows to be so great 
characteristic of living nature, must enter fundamentally into any 
losophy of man and the animate world generally in order that tha 
losophy may be even approximately true and in any way adequat 

; The following quotation from “ Beyond Good and Evil” will open 
the way to a perception of the kindred between Neitzscheism and 1 


theoretical biology. He says: 


Let me be pardoned as an old philologist who can not desist from the n 


‘ chief of putting his finger on bad modes of interpretation, but ‘‘ Nature 
formity to law,’’ of which you physicists talk so proudly as thougl y it 
exists only owing to your interpretation and bad ‘‘philology.’’ It is no matter 
of fact, no ‘‘text’’ but rather just a naively humanitarian adjustment and 
perversion of meaning, with which you make abundant concessions to the den 


cratic instincts of the modern soul. 


: The items in this which specially concern us are the references to 
nature and democracy. Nietzsche appears to have felt as genuin nd 
deeply as any modern whatever the importar of “return to 1 


—a cry which, though hackneved, he was w ng t lopt. | 





ing he is entitled, as an esthetic philosopher, to great credit. 1 
ness of perception and vigor of expression with w! he protests against 
the repudiation of external nature, the vilification of the humar 





















468 THE SCIENTIFIC MONTHLY 


and the distrust of the senses as these abominations have manifest 
themselves in the great systems of historical philosophy from the 
Greek period, on through the heyday of Christian theology, down 
the modern era of German subjectivism, deserve the careful and sym 


thetic regard of every man of science. The best of his utterances unde: 
this head which I have found are contained in “ Beyond Good and Ey 
and “ The Twilight of the Idols.” The chapter on “ Prejudices of P 
losophers” in the first mentioned, and the sections, “The Problem 
Socrates,” “ Reason in Philosophy,” and “ Morality as Anti-naturalness ” 
deserve special mention. 

The disastrous mistake made by Nietzsche and into which his dis 
ciples have followed him, was in believing that he actually did “retui 
to nature.” As a matter of fact he never came any nearer nature t 
did J. J. Rousseau, who raised such a hullabaloo a century and a half ; 
over the same subject, and for whom Nietzsche professed such an 
dent hatred. It is easy for a student of real nature to understand w! 
Nietzsche hated Rousseau more spleenishly, if such a thing were } 
sible, then he hated people generally. Probably it was because he vagu: 
realized that he was doing just what Rousseau tried to do, 1. e., make 
nature what he would like to have it; and then saw that what Roussea 
wanted nature to be was almost the antithesis of what he himself want 
it to be. While Rousseau wanted nature to be peaceful, gentle, benevo 
lent and all that, and so easily found enough in it to make himsel 
believe it to be essentially of this sort, Nietzsche as easily found enough 
in it to convince him that in its fundamentals nature is of the sort | 
liked ; that is, selfish and powerful and hard and cruel. 

Biologists ought to examine right carefully Nietzsche’s famo 
doctrine of “ Will to Power.” His effort to make this a universal a1 
all-sufficing principle of living nature had its strict counterpart, if n 
indeed, its inspiration and model, in struggle survivalism of the Weis 
mannian type. And the doctrine has degenerated into a sort of fiendis 
crotchet with many of Nietzsche’s disciples, much as strugglism has wit 
many biologists. And the reasoning, if reasoning it can justly be called, 
is much the same by the two sets of persons. “ Wherever I found living 
matter,” said Nietzsche, “I found will to power, and even in the servant 
I found the yearning to be master.” (Thus spake Zarathustra.) As an 
illustration take an alligator, a great hunk of “living matter,” sunning 
itself on a sand bank for hours at a time without so much as flopping its 
tail. What a striking case of willing to power! And what determina 
tion of a servant to be a master! Or if Nietzsche by chance ever looke: 
through a microscope at the slow come-and-go of protoplasm confined 
within the cell membrane in a hair of a spider-lily, what a convincing 
proof of “ will to power” and “desire for mastery” he had before him! 
And one finds illustrations and arguments quite as convincing almost 
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every time he consults any orth ddox Select nist F I nstatl = i 


biologist will watch with vou a hornbill, a : f a nw ‘ 


ll as large as the horn of a two-year-old , as 

get its bill out of its way so it can se« 

ingenuity in getting the food far enoug 

mouth to enable it to swallow the morsel, a1 ( 


a smile how this bird and its ancestors 


struggle for existence because of the maste O, 
to pure and overwhelming logic, such a st y 

out a smile) that you are bound to 

bill’s bill unless you have some better ex natian ¢ \) 
go vel further (still in dead earnest) ar 

ve the judge of which explanation is better. A 


of humor is another and by no means an 
between Nietzscheans and the dominant s 
But that in particular wl 


with the dis ples of Niet racers ? nrocla r) 


philosopher of evolution is intimated in 
Nature’s conformity to law is no matter of fact but rather t a 
naively humanitarian adjustment and perver if meaning th 


make abundant concessions to the democrat 
The tap-root of the life philos 
the gross, easily seen living things about us 


time are “mere outward expressions ” 


intangible, a comprehension of the working f 
which is the goal of all life science 
To be sure, the fact that temperament N 


tistic and very little scientific made hin 
life in terms very different from thos 


treat of man. But the close kindred between “ N 


visions of Eternal Recurrence and Superman ” the né 
tary substance, germ plasm, and “ The Fit” 0 
should not be overlooked by al vb dy 
wa ’ . » + 
wellare. Nietzsche’s 10 owers have not 
, 
tne man-breed ng proposals o our lV. \} 
In Galton’s Eugenics, founded upon the idea of evolution and the mrt 
tion that the human will is in some small measurs nable 
of evolution, we see a scientific realization of Niet he’s dre 


) . ; 7 


And let no one. especially in this det 
to mark well the character of those dreams: A 
to its logical end. The best shall rule and “ 3 an 
best shall be masters: the commonalty t slaves, lit not 


figuratively. The only law shall b 





Those eugenists whose bi 
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fatalism, appear not to have recognized—probably because the goal is so 
far away—that they face toward an aristocracy most hateful to one who 
knows what democracy really means. Here again Nietzsche was more 
i | far-sighted than his biological counterparts, for he clearly saw and loud! 

| 

| 





proclaimed that supermen must be a very few very select masters with 
the great common “herd ” their slaves. 

And so our discussion turns back to its beginning. The laws of 
A interdependence, of reciprocal connection and action which seem to 
: pervade all living nature and bind it into a great, infinitely complex 
} unity are only a seeming, only an outward manifestation of the ultimate 
H| Reality, so the dominating biologists accord with Nietzscheans in declar 
/ ing. The “ web of life” of which the ordinary man recognizes himself | 
to be a part and which vulgar natural history strives to accurately d 
scribe and define and to naturally classify, is of little profit or interest 
because unreal or at best semi-real, say o¢ dpuoro the aristocracy of mod- 
ern biology. 

1 We may hope a generation of students of nature will arise after a | 


i while, a majority of whom will genuinely believe and act in accordance 
j with their faith, that common sense has a real part in the interpreta 





tion of nature. And when such biologists come and succeed in making 
themselves heard and felt there may be ushered in an era of rule of the 
best who will be indeed best because they will rule according to the law 
of the whole and not by the law of some Being above or beneath or some 





rr where else outside of nature, whether called superman or the fit, or by 
some other name. 
: It is high time that natural history should “exert its due influence 
4 if upon the current habits of philosophizing.” 
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By FRANZ BOAS 


PROFESSOR OF ANTHROPOLOGY 


HE possibility of raising the standar 
mentality by judicious means has beer 
apostles of eugenics, and has taken hi ‘ 
extent that eugenic measures have even fou 


] 


books of a number of states, and that the pu 


The thought that it may be possible 


iffering and to strive for higher ideals is a 


+} 
experiences in stock and plant breeding have 
by appropriate selection, to improve the bre 
; 


+ 


tions, as in the rapidity of development, in 
is, therefore, more than probable that similar 1 
man by careful mating of appropriately sel 
that man allows himself to be selected in the 
animals. We have also the right to assume 
propagation of mentally or physically inferior 
standing of a population may be raised. 
Although these methods sound attractive, 
tions to their applicability. It is obvious, 
point of view, that only those features tha 
affected by eugenic selection. If an i: 
quality the development of which is w! 
and that will not be repeated in the descendar 
no influence upon the following generations 





4 know that features or color of hair and s 
words, that in these respects children resemble 


the period of growth. We know that rapidity 
influenced by these two causes, and that, in 









of marriages that are thought bound to produ 


strong appeal to those who have at heart the ad\ 


that we may choose: in size, form, color; and e\ 


; mental importance to know what is hereditary 


: no matter in what environment they may hav 
other cases, however, the determining influen 
- clear. We know that stature depends upon her 
it is also greatly influenced by more or less fa 
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an anatomical or physiological trait is to the influence of environment 
the less definitely can we speak of a controlling influence of her 
and the less are we justified in claiming that nature, not nurture, is | 
deciding element. It would seem, therefore, that the first duty of 
eugenist should be to determine empirically and without bias what fea- 
tures are hereditary and what not. 
Unfortunately this has not been the method pursued ; but the battl 
cry of the eugenists, “ Nature not nurture,” has been raised to the r 
of a dogma, and the environmental conditions that make and unmake 
man, physically and mentally, have been relegated to the background. 
It is easy to see that in many cases environmental causes may convey 
the erroneous impression of hereditary phenomena. We know that 
poor people develop slowly and remain short of stature as compared to 
wealthy people. We may find, therefore, in a poor area, apparently) 
low hereditary stature, that, however, would change if the econ 
life of the people were changed. We may find proportions of the bod 


determined by occupations, and apparently transmitted from fathe: 
son, provided both father and son follow the same occupation. It is 
obvious that the more far-reaching the environmental influences are 1 
act upon successive generations, the more readily will a false impressio1 
of heredity be given. 

Here we reach a parting of the ways of the biological eugenist and 
the student of human society. Most modern biologists are so en- 
tirely dominated by the notion that function depends upon form, that 
they seek for an anatomical basis for all differences of function. To 
give an instance: they are inclined to assume that higher civilization 
is due to-a higher type; that better health depends upon a better heredi- 
tary stock; and so on. The anthropologist, on the other hand, is con- 
vinced that many different anatomical forms can be adapted to th« 
same social functions; and he ascribes, therefore, greater weight to t 
functions, and believes that in many cases differences of form maj 
adaptations to different functions. He believes that different types of 
man may reach the same civilization, that better health may be pro- 
duced by better bringing up of any of the existing types of man. The 
anatomical differences to which the biologist reduces social phenomena 
are hereditary ; the environmental causes which the anthropologist sees 
reflected in human form are individually acquired, and not transmitted 
by heredity. It would lead us too far to prove the correctness of the 
anthropologist’s view. It must suffice to point out a very few examples. 


Sameness of language acquired under the same linguistic environment 
] 


by members of the most diverse human types, sameness of food selecte 
from among the products of nature by people belonging to the same 
cultural area, similarity of movements required in industrial pursuits, 
the habits of sedentary or nomadic life, all of which are distributed 
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without any reference to physical type, will illustrate that ther 
ple evidence showlng the lack of relati etweel SO al 
physical type. 

The serious demand must, therefore, be made that euge 


to look at the forms, functions, and activities 


, noint of view according to which each feature is ; imed to 
tary. but that they begin to examine them { ma more crit il 7 nt 
of view, requiring that in each and every case t ereditary « icter 
4 of a trait must be established before it can be assun to exist 
The question at issue is well illustrat ( 
of cacogenics, of the histories of defectiv i es, setti a 
a moment cases of hereditary pathological 
holism and criminality are particularly ascribed to her 
When we study the family histories in question, in see oft that. 
if the individuals had been protected by favorable home s 
and by possession of adequate means of s Ort aga st Tt 
alcohol or other drugs as well as against minality, tl 
ive fallen victims to their alleged heredita neies, al 
many a weakling who is brought up 
Their resistance to the temptations of their environment would hav 
entitled them to be classed as moral heroes. The scales applied t 
criminal family and to the we lo 
r as heredity is concerned, no mort lows 
delinquency than would follow from the fact that in an agr { 
community the occupation of farming descends from father 1 
Whether or not constitutional debil ty base on her t 
may also be proved in these cases, 18 a quest 
: attention; but neither can it be consider s proved, 1 


7 that the selection of dé linque nts would eliminate a t e who ess 
equal constitutional debility. 
Basing our views on the observed 
i man may adapt themselves to the same forms of laim that, ur 
the contrary can be proved, we must assume that all com 
are socially determined, and not heredita 
ditions will change the whole character of social activities without in 
fluencing in the least the hereditary characteristics of the lividuals 
concerned. Therefore, when the attempt is made to prove that defects 
or points of excellence are hereditary, it is essential that all poss ty 
of a purely environmentally or socially determined repet 
: cestral traits be excluded. 
If this rigidity of proof is insists 


the data on which the theory of euge! s 





and that much greater care must be exerted than finds favor with the 
enthusiastic adherents of eugenic th 
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All this does not contradict the fact that individual physical and 
mental characteristics are hereditary, and that, by proper selection fro) 
among the large series of varying individual forms that occur among 
all types of people, certain strains might be selected that have admirable 
qualities, while others might be suppressed that are not so favored. 

It is claimed that the practical application has become a necessity 
because among all civilized nations there is a marked tendency to ge 
eral degeneration. I do not believe that this assertion has been ad 
quately proved. In modern society the conditions of life have becom: 
markedly varied as compared with those of former periods. While son 
groups live under most favorable conditions, that require active us 
body and mind, others live in abject poverty, and their activities ha 
more than ever before been degraded to those of machines. At the 
same time, the variety of human activities is much greater than it used 
to be. It is, therefore, quite intelligible that the functional activities 
of each nation must show an increased degree of differentiation, a 
higher degree of variability. Even if the general average of the menta! 
and physical types of the people has remained the same, there must be 
a larger number now than formerly who fall below a certain given | 
standard, while there must also be more than formerly who exceed a 
given high standard. The number of defectives can be counted by sta 
tistics of poor relief, delinquency and insanity, but there is no way « 
determining the increase of those individuals who are raised above th 
norm of a higher standard. Therefore they escape our notice. It may, 
therefore, very well be that the number of defectives increases, witho 
however, influencing the value of a population as a whole, because it 
merely an expression of an increased degree of variability. 

Added to this is the fact that, arbitrarily selected, absolute standards 
do not retain their significance. Even if no change in the absolute 
standard should be made, the degree of physical and mental energy re- 
quired to keep one’s self under modern conditions above a certain mini- 
mum of achievement is greater than it used to be. This is due to 
the greater complexity of our life and to the increasing number of cor 
peting individuals. Greater capacity is required to attain a high degr 
of prominence than was needed in other periods of our history. The 
claim that we have to contend against national degeneracy must, there- 
fore, be better substantiated than it is now. 

This problem is further complicated by the advances of public hy- 
giene, which have had the result of lowering infant mortality, and thus 
have brought about a change in the composition of the population, in 
so far as many who would have succumbed to deleterious conditions in 
early years enter into the adult population and must have an influence 
upon the general distribution of vitality. 

There is still another important aspect of eugenics that should 
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make us pause before we accept this new ambitious theory as a panacea 









for human ills. The radical eugenist treats the problem of procreat 

] from a purely rationalistic point of view, and assumes that 
human development lies in the complete rationalization of human |! 
As a matter of fact, the conclusions to be drawn from the s 

, customs and habits of mankind show that such an ideal is unatta 
able, and more particularly that the emotions clustering about pri 
tion belong to those that are most deeply seated in the human s 
that are ineradicable. 

, Here again the anthropologist and the biologist are at odds. T 
natural sciences do not recognize in their scheme a valuation t 
phenomena of nature, nor do they count emotions as moving forces 
endeavor to reduce all happenings to the actions of phys 
Reason alone reigns in their domain. For this reason the s 
to look at mental life from the same rational st 
goal of human development an era of reason, as opposed to the 1 
periods of unhealthy fantastic emotion. 

The anthropologist, on the other hand, can not acknowledge such a 
complete domination of emotion by reason. He rather sees the st 
advance of the rational knowledge of mankind, which is as 
isfaction to him no less than to the biologist; but he sees 
kind does not put this knowledge to purely reasonable use, but that its 
actions are swayed by emotions no less now than in former times 
although the increase of knowledge limits the extreme forms of unrea i 
sonable emotional activities. Religion and political life, a 
everyday habits, present endless proofs of the fact that our a 
the results of emotional preferences, that conform in a gener 

. our rational knowledge, but which are not determined by reason; that 

3 we rather try to justify our choice of action by reason than | 
actions dictated by reason. 

It is, therefore, exceedingly unlikely that a rational control 
of the strongest passions of man could ever succeed. If even in matters 

; of minor importance evasion of the law is of common occurrence, this 
would be infinitely more common in questions that touch our inn 
so deeply. The instinctive repugnance against eugenic leg 

: based on this feeling. 

f It can not be doubted that the enforcement of eugenic legislatior 
would have a far-reaching effect upon social life, and that it woul 

tend to raise the standard of certain selected her ditary strains. It is, 

however, an open question what would happen to the selected stra 
owing to the changed social ideals; and it is inexcusable to r 
consider those fundamental changes that would certainly be connected 
with eugenic practice, and to confine ourselves to the biological effect 
that may be wrought, for we know that in th 
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population the social stimulus is infinitely more potent than the | 
logical mechanism. 
Although we are ignorant of the results of a rigid application 
eugenics, a few of its results may be foretold with great certainty. 
The eugenist who tries more than to eliminate the unfit will 
of all be called upon to answer the question what strains are the 
to cultivate. If it is a question of breeding Indian corn or chi 


we know what we want. We desire a large yield of good corn, o1 


many eggs of heavy weight. But what do we want in man? Is 
physical excellence, mental ability, creative power, or artistic gen 
We must select certain ideals that we want to raise. Considering th 
the fundamental differences in ideals of distinct types of civilizat 
have we a right to give to our modern ideals the stamp of finality, ar 
suppress what does not fit into our life? There is little doubt that wi 
at the present time, give much less weight to beauty than to | 
Shall we then try to raise a generation of logical thinkers, suppr: 
those whose emotional life is vigorous, and try to bring it about 
reason shall reign supreme, and that human activities shall be 
formed with clock-like precision? The precise cultural forms tl 
would develop can, of course, not be foretold, because they are cultu: 
ally, not biologically, determined ; but there is little doubt that w 





certain limits the intensity of emotional life—regardless of its form 
and the vigor of logical thought—regardless of its contents—could 
increased or decreased by organic selection. Such a deliberate select 
of qualities which would modify the character of nations implies a1 
overestimation of the standards that we have reached, which to n 
mind appears intolerable. Personally the logical thinker may be m 
congenial to me, nevertheless I respect the sacred ideals of the dream 
who lives in a world of musical tones, and whose creative power is 
me a marvel that surpasses understanding. 

Without a selection of standards, eugenic practise is imposs 
but if we read the history of mankind aright, we ought to hesitate b 
fore we try to set our standards for all time to come, for they are on! 
one phase in the development of mankind. 

This consideration applies only to our right to apply creative eu 
genic principles, not to the question whether practical results by 
genic selection can be attained. I have pointed out before how muc! 
this respect is still hypothetical, or at least of doubtful value, because 1 
social factors outweigh the biological ones. 

At the present time the idea of creating the best human types by) 
selective mating is hardly a practical one, because it dwells only as a 
desirable ideal in the minds of some enthusiasts. 

The immediate application of eugenics is rather concerned with the 
elimination of strains that are a burden to the nation or to themselves, 
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and to raise the standard of humanity by : ft 
of the defective classes. ether eu : 
have material results in this direction, for of t ! il 
influence of environmental causes, that I set 
safe to say that no amount « ove 
’ social conditions ( a 
disease-stric proletariat, wl 
stock, so long as the social condi n 
human into helpless an¢ m é 
probably be to push new grouj ils into th 
ment where they would take t t n ted t 
Eugenics alone can not solve the prob It requires 1 
amelioration of the social conditions of the poor w! 
many of the apparently defective to higher levels. 

Another aspect of the pro h mol tal i ) 
mankind. The object of eugenics raising of a better ra tnd 
to do away with increasing suffering by « it thos 
heredity destined to suffer and to cause The ! 
idea of the conquest of suffering 
clency to f f S 
attractive. 

I believe that the human mind an y are so constitut 
ettainment of these ends would lead to the destruction of s et ‘] 
wish for the elimination of unnecessary suffering is « 
margin for the eliminat ill suffer \\ 
humanely speaking, this may be a il ideal, it is 
The performance of the labors of mankind and the conflict of 

: will always be accompanie: 

r men must willing to bear. \ : 
are the precious fruit of 
if the willingness of man to suffer shou! r. He 

‘ cultivate this ideal, then that wl t sti 
suffering to-day, and the elimination S ts t 
effeminacy that must be disastrous to th: 

This effect is further emphasized by th n : 

. perfection. The more complex our « the mor 
; our technical skill and our knowledge, 
reaching the highest efficiency, and s; 1t admis 
. working capacity of the individual shou 
We are clearly drifting towar vhere 
will no longer bear discomfort or pain sake of t 
of the race, and where our emotional S 
the desire for self-perfection —or by self t y 
generation is sacrificed to the selfishness of 





























found to take the place of the passing generations, is being repeate . 
ue , ° - ; : ‘ . : ie 
mt | and the more vigorously the eugenic ideals of the elimination of suf- +? 
' | fering and of self-development are held up, the sooner shall we drift : 
Hy towards the destruction of the race. 
i} Eugenics should, therefore, not be allowed to deceive us into tl " 
. belief that we should try to raise a race of supermen, nor that it should 
1} be our aim to eliminate all suffering and pain. The attempt to sup- 
tH press those defective classes whose deficiencies can be proved by rigid 
: methods to be due to hereditary causes, and to prevent unions that w 
: . . . . ° 
i unavoidably lead to the birth of disease-stricken progeny, is the proper 
field of eugenics. How much can be and should be attempted in this 
\j field depends upon the results of careful studies of the law of heredity 
. Eugenics is not a panacea that will cure human ills, it is rather a dan- 
th gerous sword that may turn its edge against those who rely on its 
i ‘ - s 
i strength. 
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non that characterized the end of antiquity, when no children were 
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By Proresson JOHN B. WATSON 


THE JOHNS HOPKINS UNIVER 


[* wishes were horses beggars would ride” is a nursery saw 


in the light of recent developments in ] ology. has come to 

have a much more universal application than it was formerly su ed 

have. If the followers of the Freudian s l of ps ric 
be believed—and there are many reasons for believing t 1] 
no matter how apparently contented we are and how well we ar . 
plied with the good things of the earth, are “ beggars,” because at 
time or another and in one way or another we are daily bet: 
presence of unfulfilled wishes. Many of these wishes are of such a 
acter that we ourselves can not put them into words. Indeed 
were put into words for us we should straightway deny that such a w 
is OF was ever vdieael by us in our waking moments. But the str 


of time indicated by “waking moments” is only a minor ] 

twenty-four hours. Even during the time we are not asleep 

often abstr: des day-dreaming, letting moments go by in reverie. O 

curing a limit ed part of cor waking moments are we keenly and alert 

” all t here ” in the possession of our faculti S. There are thus, « ! j 
apart from sleep, many unguarded moments when these s led “ re- 

pressed wishes” may show themselves, 

In waking moments we wish only for the conventional things 

will not run counter to our social traditions or code of living. B 
these open and above-board wishes are not very interest 
chologist. Since they are harmless and call for the kinds 
that everybody in our circle wishes for, we do not mind adn 


and talking about them. Open and uncensored wishes are best see! 


children (though children at an early age begin to s] 

Only to-night I heard a little girl of nine s ‘I wish | 

and were sixteen years old—I’d 1 Ann” (her 1 

panion). And recently I heard a ‘be y of eight say to his father: “] 
wish you would go away mane then I « 1 marry 1 r.? "The 


spontaneous and uncensored wishes of children grad 
the children take on the speech conventio: f t lult. But « 
though the crassness of the form of expression of the w 


with age, there is no reason to suppose that the human organism « 
gets to the point where wishes just as unconventional as th ed 
not rise to trouble it. Such wishes, though, : nmedia 

we never harbor them nor do we express them clearly to ourse!] 


our waking moments. 
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The steps by which repression takes place in the simpler cases ar 
not especially difficult to understand. When the child wants son 
thing it ought not to have, its mother hands it something else and moves 
the object about until the child reaches out for it. When the adult 
strives for something which society denies him, his environment off. 
him, if he is normal, something which is “almost as good,” althoug! 
may not wholly take the place of the thing he originally strov 
This in general is the process of substitution or sublimation. It is ne 
complete from the first moment of childhood. Consequently it 
natural to suppose that many of the things which have been denied 
should at times beckon to us. But since they are banned they n 
beckon in devious ways. These sometime grim specters both of 
present and of the past can not break through the barriers of our sta 
and sober waking moments, so they exhibit themselves, at least to 


initiated, in shadowy form in reverie, and in more substantial f 

in the slips we make in conversation and in writing, and in the thi 
we laugh at; but clearest of all in dreams. I say the meaning is clear 
to the initiated because it does require special training and experi: 

to analyze these seemingly nonsensical slips of tongue and pen, thes 
highly elaborated and apparently meaningless dreams, into the wishes 
(instinct and habit impulses) which gave them birth. It is fortunate 
for us that we are protected in this way from having to face open! 
many of our own wishes and the wishes of our friends. 

A few years ago when this doctrine was first advanced by Sigmu 
Freud, the noted psycho-pathologist at Vienna, it raised a storm 
opposition, not only from the staid, home-loving, every-day men and 
women, but from scientific men as well (objection to the view seems 
to stand in almost. direct ratio to the amount of repression the indi- 
vidual possesses). The truth of the matter is that Freud wrote main! 
for his medical colleagues, but his words were taken up and bandi 
about by the press and by men who had not seriously studied them. 
This unjust treatment of Freud led a few physicians in this countr 
who had had personal contact with him, to champion his cause and 
go so far as to say that they alone, with Freud, knew how to interpr: 
dreams. Freudianism thus became a kind of cult, and the only devotees 
allowed openly to worship at the shrine were those who had had personal 
training under Freud. Fortunately science is objective, and whatever 
good there is in one man’s work can usually be verified, although in the 
process of verification modifications are usually made which lead gradu- 
ally to a satisfactory working basis. This belief in the objective nature 
of science has led many psychologists in this country who have not been 
fortunate enough to have personal contact with Freud to try out his 
methods and to attempt to verify his findings for themselves. They 
can do this without necessarily putting themselves on record as being 
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interpreters of Freud. The psychologist’s interest 


ho! 


agree with me when I say that no laboratory-dev 





enabled us to tell whether a man is at heart li: 
coveter of his neighbor’s wife. 
SuPPRESSED WISHES EXPRESSED IN THE SLIPS 0 
In social gatherings where there is some s 
and the customary control over spee s off, w 
‘ examples of the expression of the suppressed wis 
a tabulation of such slips met with in a sing 
long. Most of the slips reveal too n 
But I can mention some of the types usua 
An elderly bachelor, the friend 
wife to a dance. He introduces her as “ Mrs. S.” 
name instead of her married name, “ Mrs. J.’’) 
sessing the wish that the woman were sing 
ther chance, he would indignantly den 
ever crossed his mind. This is pr 
any such wish crossed his mind in S 
would have been put down immediately—repress 
teresting to note in the above case, which is a 
the evening the “ Mrs. J.” referred to, afte o 
other than her escort, shortly afterwards 
“Mr. J.” (her husband)! It is of course 
t readily as this. I noted another and common 


day as the above. A woman of my acqua 
New York Central Station to meet thre 
Boston to Washington. She decided to buy s 

‘ them. I went to the florist shop with her 

chased only two bouquets, saying: “A likes 

orchids.” When we reached the sidewalk | 

liked “C” so much. “Why do you think I dislik 

“ Because,” I said, “you have done all in 

—you have forgotten to purchase any flowers 

confusion but gracefully admitted that | ls 

a serious faur pas. To take revenge, 

deserts by saying: “I can’t bear to be arou 


view of life.’ (She afterwards adn 


| 


been for many years a thorn in the flesh.) 





Slips are often expressive of wishes w 





side of life. I mislay my cane and umbrella, bot! 
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WISH FULFILMENT 


lies in its possible usefulness in analyzing chara 
nersonal character, like the analysis of emotions, has alw 
efforts of the psychological laboratories. I believ S 
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a place again is very clearly implied. To take a single final examp! 
in this connection: Only a moment ago it was necessary for me to ca 
a man on the telephone. I said: “This is Dr. John B. Watson, of th 
Johns Hopkins Hospital,” instead of Johns Hopkins University. Or 


; 


skilled in analysis could easily read in this slight slip the wish that |] 


had gone into medicine instead of into psychology (even this analysis, 


though, would be far from complete). 
Slips of the pen are just as numerous and just as interesting re- 


vealers of hidden character as are slips in speech. It is in dreams, 


however, that we get our most interesting and valuable material f 
analysis, 
THe DREAM AS A VEHICLE OF WISH FULFILMENT 


According to the now generally accepted viewpoint we dream almost 


constantly. If we were to put the question: “Do you often dream?” 


to a group of men, women and children, the answers would be various 
Most of the men would say: “ I seldom dream, and when I do my dreams 
are meaningless and uninteresting.” Some of the women would s 
that they often have wonderful and thrilling dreams while others would 
maintain that their dreams were few and had no interest. The childrer 
would tell us that they dreamed frequently and that their dreams wi 
always interesting and exciting. It is difficult to convince most adults 
that if they do not dream constantly they do dream much more fr 
quently than they are at present aware of. Even my own students 
are at first sceptical about the universality of the dream processes. | 
ask them to try hard to recall their dreams on waking in the morning, 
and if they awake in the night to jot down a sentence or two of th: 
dreams so that they can recall the whole dream on awaking in the 
morning. In a short time most of them are convinced that they do 
dream almost constantly. 

If it is difficult to convince one that he dreams constantly, it is a 
Herculean task to convince him of the second step in understanding 
dreams—to wit, that his dreams are not at bottom bizarre and meaning- 
less, but, on the contrary, that they are orderly, logical, and, if we know 
the history of the individual, almost predictable. We must admit im- 
mediately that if we take the dream at its face value, that is, read the 
words that the dreamer puts down as a true report of his dream, it is 
a creature of fancy in the wildest sense of that word. We get the 
reports in bits with no apparent connecting links. Fanciful words are 
put in. Names are mentioned which are the names of no individuals 
known to the dreamer. Places are visited which have never been visited 
by the dreamer. (Yet in almost every dream the starting point is some 





highly, and find that I left them at the house of a friend where I last 
had dinner and a game of bridge. The wish shortly to visit so pleasant 
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incident—situation, person, place, or t] 
some time not twenty-four hours bef 
We get our clue to the dream as 
the dreams of children. Their dr 
conversation. Before Christmas my 


that they had received the things 
dreams were clear, logical and pel 
of adults be less logical and less 
cealers of the wish? If t dream } 

orderly and logical way, would it i 
dream processes of the adult less log 


This argument gives us good a 





the dreams of adults too are full of m« 
is a wish in every dream and that th« 


The reason dreams appear illogical is 


] . 2 


were to be expressed in its logical forn 


every-day habits of thought and a 


waking only so much of the « 
dinary speech, as will square wit! 


censored,” in other words. 


us does the censoring ? T) e Fr ud al 


“metaphysical entity” out of the « 


that this mysterious censor stands at 
conscious and the unconscious. Many 


of the unconscious (a fe Ww of uS evel 
along ordinary biological lines. We 


can “down” another group of habits 


ordinary system of habits—those whi 


f and expressive of some wish that has 
state. 


customary language, it is allowe 





WISH 


admit even to ourselves that we have su 


The question immediately arises wl] 


wishes are repressed they are repressed 


fulness of the term consciousness), hen 


, selves ”—inhibit or quench (keep in 
habits and instinctive tendencies w} 
This conception of the dream as hi 
sored features has led us to divide tl] 
fest content (face value, which is usua 
or logical content. We should say that 
: the dream is nonsensical, its true or 


: On examination the manifest cont 
full of symbols. As long as the drean 


We 
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bolic features are uncensored. Symbolism is much more common than 
is ordinarily supposed. All early language was symbolic. The language 
of children and of savages abounds in symbolism. Symbolic modes of 
expression both in art and in literature are among the earliest forms 
of treating difficult situations in delicate and inoffensive ways. In 
other words, symbols in art are a necessity and serve the same purpos: 
as does the censor in the dreams. Even those of us who have not an 
artistic education, however, have become familiar with the commoner 
forms of symbolism through our acquaintance with literature. In the 
dream, when the more finely controlled physiological processes are in 
abeyance, there is a tendency to revert to the symbolic modes of ex- 
pression. This has its use, because on awaking the dream does not 
shock us, since we make no attempt to analyze or trace back in the dream 
the symbol’s original meaning. Hence we find that the manifest con- 
tent is often filled with symbols which occasionally give us the clue to 
the dream analysis. 

The dream then brings surcease from our maladjustments: If we 
are denied power, influence, or love by society or by individuals, we 
can obtain these desiderata in our dreams. We can possess in dreams 
the things which we can not have by day. In sleep the poor man bx 
comes a Midas, the ugly woman handsome, the childless woman sur- 
rounded by children, and those who in daily life live upon a crust, 
their dreams dine like princes (after living upon canned goods for 
two months in the Dry Tortugas, the burden of my every dream was 
food). Where the wished-for things are compatible with our daily 
code, they are remembered on awaking as they were dreamed. Society, 
however, will not allow the unmarried woman to have children, how- 
ever keen her desire for them. Hence her dreams in which the wish 
is gratified are remembered in meaningless words and symbols. 


BroLoGicaAL BASIS OF THE WISH 


Long before the time Freud’s doctrine saw the light of day, Wil- 
liam James gave the key to what I believed to be the true explanation 
of the wish. Thirty years ago he wrote: 


. .- I am often confronted by the necessity of standing by one of my 
selves and relinquishing the rest. Not that I would not, if I could, be both 
handsome and fat and well dressed, and a great athlete, and make a million 
a year, be a wit, a bon-vivant, and a lady-killer, as well as a philosopher; a 
philanthropist, a statesman, a warrior, and African explorer, as well as a 
**tone-poet’’ and a saint. But the thing is simply impossible. The mil- 
lionaire’s work would run counter to the saint’s; the bon-vivant and the philan- 
thropist would trip each other up; the philosopher and the lady-killer could not 
well keep house in the same tenement of clay. Such different characters may 
conceivably at the outset of life be alike possible to a man. But to make any 
one of them actual, the rest must more or less be suppressed. 
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What James is particularly emphasizing 
ganism is instinctively capable of d 
j lines, but that due to the stress of o af thea 
capacities must be thwarted. In a 


instinctive, and therefore hereditar 


. . ’ } f ' 
which are equally strong and which r sll : : 
up. The systems of habits we form ( é 
a ir vears of age will 1 = s 


formed at the age of twelve w not s 





, As we pass from childhood to man’s 
to give up thousands of activities w 
tems have a tendency to perform. % 
born with use are poor heritages: 
are equally poor possessions. But, w 
tiv must give Way as we put ¢ Lie I f ( ‘ 
of them vield with difficulty and w 
ing to t them awa Ss evi . 
mong t frustrated in ses 

of the unfulfilled wis Su shes 
sc1ous ind need never it hee S 
unconscious. It may be inferrs iro. 
rea I ipplving the ern wis 
qis er then In dreams a in ¢ ( 3 
really at heart “ reaction tendencies 

‘ have faced nor put into words at any time. O 
‘wishes’ have at one time been fac 
vidual and when tac | tine we re 

L et] ( 1 4 rie They wel rhnen mime 

° a g 


appears in the dream. One ind 
of his strong interest in becoming a 

it was easier for him to get the tra 

Another pursues a business caree1 

would have become a writer of plays. S 

care of a mother or of younger brothers 5, 
not marry, even though the mating 

j of action necessarily leaves any un 


pulses in its train. Again a youn 


ee 


when mature consideration would s 


much more rapidly if he were not burdet th a fa \ 


IN 


individual marries, and without eve 






marriage is a failure, he gradually s 











THE SCIENTIFIC MONTHLY 





486 


tional expression—protects himself from the married state by sublii 


ing his natural domestic ties; usually in some kind of engrossing wot 
but often in questionable ways—by hobbies, speed manias and excesses 
of various kinds. In connection with this it is interesting to note that 
the automobile, quite apart from its utilitarian value, is coming to | 
a widely used means of repression or wish sublimation. I have been 
struck by the enormously increasing number of women drivers. W 

in the present state of society have not the same access to absorbing 
kinds of work that men have (which will shortly come to be realized 
as a crime far worse than that of the Inquisition). Hence their chances 
of normal sublimation are limited. For this reason women seek an 
outlet by rushing to the war as nurses, in becoming social workers, 
pursuing aviation, etc. Now if I am right in this analysis these ur 
exercised tendencies to do things other than we are doing are ney 
quite got rid of. We can not get rid of them unless we could build 
ourselves over again so that our organic machinery would work on! 
along certain lines and only for certain occupations. Since we can not 
completely live these tendencies down we are all more or less “ unad 
justed” and ill adapted. These maladjustments are exhibited whe 
ever the brakes are off, that is, whenever our higher and well-d 
oped habits of speech and action are dormant, as in sleep, in emot 
disturbances, etc. 

Many but not all of these “wishes” can be traced to early « 
hood or to adolescence, which is a time of stress and strain and a pe 
of great excitement. In childhood the boy often puts himself 
father’s place; he wishes that he were grown like his father and could 
take his father’s place, for then his mother would notice him more 
and he would not have to feel the weight of authority. The girl like- 
wise often becomes closely attached to her father and wishes her mother 
would die (which in childhood means to disappear or go away) so t! 
she could be all in all to her father. These wishes, from the stat 


point of popular morality, are perfectly innocent; but as the child 
grow older they are told that such wishes are wrong and that they 
should not speak in such a “dreadful” way. Such wishes are, then, 
gradually suppressed, replaced by some other mode of expression. | 
the replacement is often imperfect. The apostle’s saying “When we 
become men we put away childish things” was written before the da 
of psycho-analysis. We do not put them away—we replace them, 

they never for us completely lose their impulsive power. Parents w] 
show excessive emotional reactions towards their children—overmu 
fondling of them—often encourage these wishes. The children take on 
more and more the wished-for forms of attachment. Later on in life such 
wishes may show themselves in dreams and occasionally in more object 

ways. Now and then we find a young man whose mother has long since 
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hed who can find little attraction in tl firis with Whol I iSSO- 


‘ ; ; 


ciates. He is totally unaware of the caus s apathy W 
probably be the first one to scoff at the true explanation. In a su ar 
way adults may become too much attached 1 hildren. This is often 
seen in the case of a woman whose husband has died kk r he 
, with an only son. The son becomes substituted for the fat! 
reactions which she looks upon as those belonging mer 
mother, soon take on certain characteristics those she w | show 
to her husband. (The mother usually objects to the mar f the 
° son—on the grounds usually that the girl is not “suit » him.”’) 
Again from a moral point of view, as we ordinarily understand the term, 
her actions are exemplary. When I have expressed thes ews I 


f 


. have been often indignantly asked if parents s not ss r 





children. Of course I answer “ yes”; but certainly if Freud has taught 
us anything, it is to give heed to our relations wit 1 lren. 
Overindulgence in caresses is far worse for their future happiness and 


poise than is overindulgence in material things. 

The analysis of dreams is a field which belongs to 1 specially 
qualified physician—the psycho-analyst. It sometimes takes weeks, 
months and even years, to give genuine analysis of a dream. §S il 
psycho-analytic methods are necessary to t nraveling ¢ 1s 
well as special skill in handling the subject. Hence the dream will 
probably never mean any more to the ordinary individual than it does 
to-day. The crass analyses of friends and neighbors are worthless, 
nor should one be disturbed over a drea because someo! told 





him that Freud would say such and such things ab 

Dream analysis when made by experts has been of almost unbeliev- 
able service in treating the functional nervous diseases (neurasthenia, 
psychasthenia, hysteria, etc.). The dreams of su 
their past in sections: the physician gradually joins thes 
can tell the patient where the trouble lies (that is, tell him the wishes 
around which all his dreams revolve). Knowins e » of :- 
. tress, the patient, assisted by the physician, can form new set $ 
which do not conflict. Cures are thus effected without the use of 3. 
The cures, however, smack not at all of the mysterious. 

[ have already expressed the wish that tech | psvcho-analysis n 
lead finally over into genuine character analysis. Many 1 h up 
in the business world, the diplomatic service, and in 


tions generally, often have enormous respons ties put upo1 e] 





there are times in the lives of such men when t ( 
strain from the outside: such men should be relatively free from strong 
inward conflicts and repressions. It seems fantastic to s that such 
persons ought to be selected only after careful psycho-analysis, but the 
whole essence of the psycho-analytic movement strongly su such 


a procedure. 
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WAR AND THE SURVIVAL OF THE FITTEST 


By Proressor Il. W. HOWERTH 


UNIVERSITY OF CALIFORNIA 


te HE survival of the fittest ” is a phrase coined by Herbert Spen 
and first used by him in his “ Principles of Biology,’ published 
in 1864. By this phrase he sought to express in purely mechani 
terms the operation of nature in the evolution of organisms, a proces: 
which Darwin had called “natural selection or the preservation 
favored races in the struggle for life.” Alfred Russel Wallace, w 


f natura 


shares with Darwin the honor of discovering the principle « 
selection, recognized at once the advantages of Spencer’s phrase ar 
wrote to Darwin urging its acceptance as a substitute for “natura 
selection.” He said: 

It is a plain expression of the fact, while natural selection is a metaphorical 
expression of it and to a certain degree incorrect, since . . . nature does not so 
much select special varieties as exterminate the most unfavorable ones. 


But Darwin, while perceiving the advantages of the phrase and admit 
ting its greater accuracy, pointed out the objection that it can not 
used as a substantive governing a verb. He also regards the bring 
ing into connection of naturai and artificial selection by the term 
“natural selection’ as an advantage not to be overlooked, and the wide 
use of the term both at home and abroad made him doubtful whether it 
could be given up. “ With all its faults,” he said, “I should be sorry to 
see the attempt made.” In the later editions of the “Origin of Spe 
cies,” Darwin used “survival of the fittest” as an alternative of “ nat- 
ural selection”; and Spencer in his subsequent writings used both 
phrases with something like equal frequency.” 

“The survival of the fittest,” then, and “natural selection” are two 
expressions for practically the same thing, namely, the mode of descent of 
organisms and groups of organisms from earlier and simpler forms. This 
mode briefly stated is as follows: The conditions of life necessitate on 
the part of all living things a struggle for existence, and this struggle 
is intensified by the procreative powers of animals and plants, mor 
being brought into existence than can possibly survive; in all organisms 
there is a tendency to vary and in the struggle the organisms which 

1 Spencer, Herbert, ‘‘ Principles of Biology,’’ Vol. I., p. 530. Revised and 
enlarged edition, New York, 1898. 
2See ‘‘Life and Letters of Charles Darwin,’’ II., pp. 229-30, N. Y., 1901. 
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happe n to be better fitted to their enviro1 e] i , thers. 
some favorable variation, possess 
enables them to live and reproduce their kind w those not s 
are eliminated; this favorable variation r irs in t 


, 4 ; 


those that survive, by virtue of the tenden 


b thus each succeeding generation becomes n 
special circumstances of its life, and there is 


I 


species in the direction of better ar 


cumstances 


‘ Assuming, then, the primordial existe nisms wit : 
ency to vary, we have in “natural selectio1 


fittest * an explanation of how all living 





holds for societies as well) have come to 

least, as their development has not 

by human effort. It is not the entire « 1) 
. himself did not regard it as su 


selection has been Lhe most 


means of modification.”* But, so far as 
true account of how evolution has take “X 
or “the survival of the fittest” is a law 


Now what is the significance of this 


} 


the possibility and desirability of eliminating t rs S 


ceclare that such elimination is undesirable because. as 








is by war that social progress has been 
P because war, they assert, is a manifestatio a la Y 
biological and social law. And so we fir 
frequent reference to “the inviolable laws 
ular biological and social law of the sur\ f t fitte S | 
b times as a bar to the promotion of peace 
the idea, apparently, that it gives a peculiar entific al 
aspect to all arguments against the efforts pes tes 
of peace. To expect or desire the cessat 
- 
disregard the law of the survival 
of social advancement: it is Utopian, and 1 
a polite substitute for chimerical, vagarious or nonsensica Let 
whether this law has really anything to « 
nating war. 
Since the promulgation of the evolut 
; of the survival of the fittest has been most 
; justification of the present competitive syst of in ( 
tition, it is said, is a law of nature, 
effort, though how a law may become a mot 
8**Origin of Species,’’ sixth London edition, I 
H 
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The stock presentation of the case is well illustrated by the following 
from an editorial in the Saturday Evening Post: 


Competition—the struggle to the death for life and hope—is not, in most 
of its outer manifestations, a pretty thing. If any man had invented 
would have got hard words from the Utopian, but it happens to have beer 
vented by the Creator of All Things and to be the motive power in evolutionary) 
advancement from the first Protozoan to Shakespeare. 

It would be hard to find in equal space a more fallacious collocat 
of ideas. Competition is not necessarily “a struggle to the deat 
hope is not its object; to proclaim it as an invention of the Creator 
merely an appeal to religious prejudice, and it has not been the n 
power in evolutionary advancement “ from the first Protozoan to Sha 
speare.” It would be easy to show directly the fallacies of such reas 
ing. They will appear, however, in the course of this discussion if it 
kept in mind that war is itself a form of competition. Anything a; 
plicable to the one subject is therefore applicabie to the other.* W 
shall confine our attention here to the law of the survival of the fittest 
as it relates to the subject of war. 

For an illustration of the current teachings concerning the neces 
of war as evidenced by the biological law of evolution, we turn to B 
hardi’s book on “ Germany and the Next War.” It offers by no m 
the only example of such teachings; current articles in English 
American periodicals on the nature of war and the necessity of prepa 
ness would serve our purpose quite as well; but it happens to be at | 
and all we need is a definite and formal statement of the doctrines t 
discussed. Says Bernhardi: 

War is a biological necessity of the first importance, a regulative element 
in the life of mankind which can not be dispensed with since without it an 
unhealthy development will follow, which excludes every advancement of the 
race, and therefore all real civilization. ‘‘ War is the father of all things.’’ 
The sages of antiquity long before Darwin recognized this. 


He quotes with approval the following from Claus Wagner’s “ Der Krie; 
als schaffendes Weltprinzip ” : 

The natural law, to which all laws of Nature can be reduced, is the law of 
struggle. All intrasocial property, all thoughts, inventions, and institutions, as 
indeed, the social system itself, are a result of the intrasocial struggle, in which 
one survives and another is cast out. The extrasocial, the supersocial, strugg) 
which guides the external development of societies, nations and races, is war 
The internal development, the intrasocial struggle, is man’s daily work—the 
struggle of thoughts, feelings, wishes, sciences, activities. The outward develo} 
ment, the supersocial struggle, is the sanguinary struggle of nations—war. 


4See Howerth, I. W., ‘‘Work and Life,’’ Chap. V., New York, 1912, for 
an extended discussion of competition, natural and industrial. 
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Again, he says, 


Struggle is, therefore, a universal law of nature, and th 
preservation W hich leads to struggle is acknowledged to be a 


of existence. 





a 
He concludes that war is an ul pualific 1 necess 
point of view, and that 
the efforts directed towards the abolition of war must not only be termed f sh 

7 but absolutely immoral, and must be stigmatized as ! f tl } " 

race.... The whole idea represents a presumptuous encroach: 
natural laws of development which can only lead to the most disast1 nse 
quences for humanity generally. 

We purpose to show that these argu nts, rguments 
called, betray a gross misconception of “na a c 
and “the law of struggle.” If sufficiently clear, and if att 
demonstration should carry the conviction that the s 
norance implied by such teachings are equaled only by t 1s 

viciousness. Let us begin by analyzing the struggle for exist n 
order to see whether the universality of this struggle is 
impossibility of abolishing war. 

When we analyze the struggle for existence, as carried on 
hiological organisms or by nations, we find that it involves not or 
competitive struggle of organism against organis? r nation st 
nation, but also a struggle against natural conditions In 
a struggle against nature, it has nothing t ) with war; 
main if war were eliminated. M 

> manifests itself not only in war, but also i mmerce, 
; Only rarely does it degenerate into war. War, then, is « 
the struggle for existence. It is merely a phase of this s It 
elimination would not in the least interf 
f If the nations of the world should become ‘| 


in name, and the principles of love ar 
throughout the world, there would st ty 
struggle afforded by nature, and by n 
not be delayed. The law of progress is 
of the destructive nature of war. 
What are we to say, then, of this that the s 
struggle for existence is the sanguinary st I 
trine “that war is as necessary as t 
nature” ?> What reply are we to n 
letting is necessary to the viri ty « f nat 
is to be looked upon as a means of salvat 






5 Quoted by Bernhardi, from A. 
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fluences of “slothful ease”; that the “strenuous life,” militarism | 











often implied if not expressed by that phrase, is the highest manifest 
tion of the true grandeur of man and of nations? Merely this, t 
mistakes the necessity of social action for the necessity of a parti 
kind of action, that is, war, and betrays a misconception of the laws 
evolution or a painful indifference to the social consequences of tly " 
grammatical expression of half-truths. Action is a necessity bot 
individual and of social life. We must act if we would live, and 
commendable to rouse nations to intelligent action, but it does not 
low from this that nations are under the inevitable necessity of m , 
war upon one another. We Americans, for instance, must ma 
activity or we shall stagnate, but we need not on that account inte 
in Mexico or provoke war with the Japanese. We have enough to 
home to evoke all the activity and all the intelligence of which w 
capable. There are, and will always be, problems of production, dist 
bution, education, sanitation. Concerted action in swatting the fl 
killing mosquitoes, to say nothing of organized action to redeem our 
lands, to reforest our devastated hills, and to harvest the riches of 1 - 
tains and plains, affords ample opportunity for the exercise of a 
energies, are in reality far more dignified occupations than the dest: 
tion of property and life in war, and the glory to be won therefrom w 
eclipse the showy nonsense of war if society ever awakens from its pres 
ent illusion. The struggle for existence, we repeat, does not necessa! 
involve war. Man can be strenuous without being destructive. 
But, while war is only an incident in the struggle for existence ar ‘ 
might therefore be eliminated without serious interference wit 
struggle, yet, on the whole and in general, it results in the sury 
the fittest. Is this-not a sufficient reason why it should not be abolished, . 
even if it were possible for society to do so? Would not continuous * 
among nations necessitate the abrogation of the law of the surviva 
the fittest and defeat the progress which is achieved by such surviva 
Let us consider this question squarely on its merits. We shall see 
. 


the fact that war does admittedly result in the survival of the fittest is 
no reason whatever why war should be condoned or encouraged. 
First, let us observe that evolution is not necessarily progress! 


that it may lead to degradation, as in the case of the parasite, as well as 








to the development of a paragon of strength and beauty. The downf: 
of the Roman Empire was as much a phenomenon of social evolution as 
the rise of the Dutch republic. In the evolutionary process the su! 
vivors are indeed the fittest, but the fittest are not necessarily the bes 
they are not always better from an ethical standpoint than those whom 
they supplant; they are merely those who are best adapted to the pr 


vailing conditions. Of course no one who really understands the doc- 4 


trine of evolution needs instruction on this point. Spencer long ago 
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pointed out “that the fittest throughout a wide range of ses 3 
the widest range—are not “the best.” -rofess Huxlev is 13 


t 


explicit on this point. In a well-known passa; savs: 


There is another fallacy which appears to me to pervade the s illed 
‘‘ethics of evolution,’’ It is the notion that because, on the whole, animals and 
plants have advance 1 in perfection of organizati y means of the struggle 
for existence and the consequent ‘‘survival of the fittest’’; therefore men in 
society, men as ethical beings, must look to the same process to help them 


towards perfection. I suspect that this fallacy has arisen out of the unfor- 


tunate ambiguity of the phrase ‘‘survival of the fittest,’’ ‘* Fittest has a 
connotation of ‘‘best’’; and about ‘‘best’’ there hangs a moral flavor In 
cosmie nature, however, what is ‘‘fittest’’ depends upon th ynditions Long 


since, I ventured to point out that if our hemisphere were to cool again, the 


survival of the fittest might bring about, in the vegetable kingdom, a population 


of more and more stunted and humbler and bhumbler organisms, until the 
‘‘fittest’’ that survived might be nothing but lichens, diaton and such micro 
scopic organisms as those which give red snow its color; while, if it became 
hotter the pleasant valleys of the Thames and the Isis might be ninhabitable 


by any animated beings save those that flourish in a tropical jungk They, as 


the fittest, the best adapted to the changed conditions, would survive 


Since the survival of the fittest does not necessarily r 
oTess, what becomes of the argument that Wal s essential 
because it results in the survival of the fittest? Plan 
As a matter of fact this “ law of nature” Ss] re be 
wisdom or expediency of striving to : s] n 1 iW 


tion has upon the possibility of success 
The idea then that war is “ a moral oat 


the survival of the fittest is as unwarrant s the ( 


law of the struggle for existence that 

Hence the related idea that it is impos 
war betrays a very imperfect concept 

social advancement. 

The prevalent notion with reg 
belied by the commonest experiences of life. n wild e, - 
mals, for instance, the fittest are determing : 
by battle, but under domestication the fi 
plication of intelligent tests. No pr - 
age battle among his flocks and herds in 
He would not even look with indifference : 
with the optimistic hope that “som \ 
goal of ill.’ He would see at once not ts wast 


the improbability of his deriving anythir accident 


®See Spencer, H., ‘‘Mr. Martineau on Evolution,’’ Essays, Vol. I., p. 379 
N. Y., 1910. 
7 Huxley, ‘‘ Evolution and Ethics and other Essays,’’ pp. 80-1. 
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such a battle. No man really believes in reliance upon the 
ural law of the survival of the fittest to bring about, without d 


results in which he is immediately and personally interested. Cert 

































} 


those who talk about the necessity of war and assert their belief 
natural law of the survival of the fittest do not act upon this b 
matters of personal concern. Would such persons, if a child of t 
were in battle with a ferocious animal, stand quietly by and cons 
themselves with the reflection that the fittest will survive? W 
they, if engaged in agriculture, carefully prepare the ground, sow 
seed, and after the germination of the crop leave the plants to str 


with the weeds in order that the fittest might survive? Certain \ 
No more should the world expect continuous progress as a result 





var. 
We have now seen that war is not an essential part of the sti 


++ 


for existence, and that, while it results in the survival of the fit 
does not necessarily result in progress, the reason being that the 
are not necessarily the best. It remains to show that the whole cas 
war rests upon a profound misconception of the nature and signifi 
of natural law. It will appear that the law of the survival of tl 
instead of being an obstacle in the way of the achievement of contir 
peace, 13 the condition that makes such achievement a possibility. F 
let us consider the question: What is a law of nature? 

If we think of the world in terms of the philosophy of idealism, 
a world consisting wholly in sense-impressions. Says Pearson: 


These sense-impressions appear to follow an unchanging routine capable of 
expression in the brief formule of science because the perceptive and reflective 
faculties are machines of practically the same type in all normal human beings.*® 


From this view a natural law is merely a brief description of the 
ognized sequence of sense-impressions. If, on the other hand, we regard 
the world as what it seems to be, namely, a collection or aggregation of 
material phenomena, then a natural law is merely a statement of t! 
coexistence and sequence of such phenomena. In neither case is a law 
of nature what many appear to suppose it to be, that is, an expression of 
the will of a superior authority commanding obedience. It is a wh 
mistaken idea that the laws of nature are commands, and that they 

to be discovered in order to be obeyed. I suspect this idea lies at t] 
bottom of the consciousness of those who claim that the survival of t! 
fittest is an effective bar to the promotion of peace. They think of a 
natural law as in the nature of a command, and not, as it really is, a 
mere formula for expressing uniformity in the action of some natural 
force or forces so long as the conditions are the same. A natural] law 
is not a prescription, but a description; we owe it no allegiance; the 


8 Pearson, K., ‘‘Grammar of Science,’’ London, 1895, p. 132. 
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7 object of discovery is not obedience, 

that is ascertained gives us additional 

it reveals the conditions necessary to 1 

of nature and to the progressive achievement 
, point is well illustrated by the progress 
science. Why does science endeavor to 
laws in the physical world? Is it tl 
impotent in the presence of such laws: 
to them to avoid punishment? or that we 
free and unrestricted operation of the p 


we may talk learnedly of these laws as insupe! st 





ment upon nature by the practical ap) tio r int 
tainly not! It is for the practical purpos 

forces of nature, and for that alone. Knowledge is power. N¢ 
discovery of the law of gravitation has not 

of sky-s rapers. It has merely shown the neces & 

construction the center of g 
obstacle to architectural achievement, thx 
as it does the unfailing operation of a n 


condition of 


success. 


The case is not different when we pass 





logical or social world. Those who thir 
of nature presents opposition to intelligent efforts t 
ical or social progress have only to consider th action ¢ 


conclusive confutation of their view. Wen 


field of agriculture. 
It is a well-known fact that Indian corn (Z 
‘ from a grass not now found in a wild stat 
the corn of to-day. Now the discoverer this 138, 
tained the idea of natural law that seems to be | ilent 
have said: 


This grass has attained its present development through tl eration of 
natural forces, and in accordance with the law of the surviva f the fittest 
If I should attempt to further its development by any sort of effort, I should 
be acting contrary to a law of nature and must therefor vitably fa 


But he did no such thing. He sin 

through the very operation of this la 

better and better type of corn was produced. W 

same thing to insure the progress of nat 

The conditions of peace will assure a peaceful t 
appropriate environment will produ 

difference 


sential is there between the mode of producing a 
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vated ” nation and the mode of producing any other product of 
vation? Clearly there is none at all. 

It is surprising, then, that the survival of the fittest, merely be« 
it is a law of nature, should for that reason be supposed to n 
against the efforts of man in behalf of peace—national, industrial a1 
social. For if it were not a law of nature that the fittest survive, 
could we expect to affect the development of an individual or of a nation 
by the improvement of circumstances? It would be hopeless to ex 
any progressive results from our efforts directed to the improvement 
conditions if these conditions bore no relation to the type of individ 
institution or society that develops within them? It is just becaus 
know that nature acts in accordance with this unfailing law that we n 
be confident of our ability to determine the fitness either of individu: 
or nation by intelligently controlling the conditions of life. Instead 
precluding our efforts at reform or peace the laws of nature, I rep 
reveal the conditions that make possible successful efforts in this dir 
tion. If this is true of natural laws in general it is of course true o 
law of the survival of the fittest. Everything that nature has develo) 
everything that survives, proves by its survival that it is among th 
test. In early paleozoic times certain crustacea and mollusks wer 
highest forms of life; in the mesozoie period huge lizards held sway, 
in the miocene age the mastodon was lord of the earth. Why do not 
these animals flourish now? It is merely because the “times 
changed”; they are no longer the fittest. Have we not here th 
secret of achieving progress? Change in conditions produces evolut 
If we only change the conditions, then, so that the peaceful typ 
nation will be the fittest, the warring type will become as extinct as | 
megatherium or the dodo, and, for exactly the same reason, that is, 
will no longer be fit to survive. May we not hope, then, that throug 
the changes that must result from increased social intelligence the p 
ful nations by becoming the fittest will take the place of the militar 
types just as the present flora and fauna of the earth have supplant 
the forms of life that immediately preceded them. 

In conclusion we may say that the prevalent doctrines that, sir 
the survival of the fittest is a natural law under the operation 
which the lower organisms and society have advanced to their present 
stage of development, we must therefore be careful not to hinder its 
operation, or seek to abrogate it, is false. Of course, as a matter of fact, 
nobody should try to “ hinder” the operation of a natural law, or “ en- 
croach ” upon it, and nobody with any knowledge of nature, and solic- 
itous about the realization of ethical] ends, would undertake to “ abro- 
gate” a natural law except in the sense of counteracting one natural 
force by another. All that we can do, all that anybody should try to do, 
is to take advantage of the existence of a natural law so to arrange cir- 
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cumstances that the result of 













5 advantage, that is to say, that “ the fittest * may be “ the bes 
4 . . " " 
‘ struction of the pyramids or the Washington M 


: . : . 
: in the least the law of gravitatio1 Ph 
live stock has not in the least aff 


fittest. No more would the developm: S 


stand in the way of the one a evel 


Che fittest nations will survive: it is 
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simple qui exprime, d’une maniére exact 1 : néra : 
: e l’art, en prenant ces deux expre ns 1 7 
’ Comte, Auguste, ‘‘ Philosophie Positive 
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ACTOR IN THE QUESTION OF NATION 
SECURITY 


By P ESSOR GEORGE |! ARPS 


5 he quest of national preparation in anticipation of fut 


ternatio | strife ca l lall to conside man as | na 

est antle of acquired beha must be 
the stal ( l his nake na il t nt ( ] 
be desirabl to « nsider him as we Wl h ni It 
e answered on practical rather than idealistic gr 

By birthright we mean that complex of inherited tendencies as 
find it unencumbered, unmodified or redirected by environmental 
ences. This complex constitutes “original man”; it is man’s 
organization with which he begins his life-long struggle with uw 


able environment. Innumerable catalogues have been made of ma 
native equipment (instincts, rv flexes, tendencies) with which he 
the conquest of the external world. It suffices for our purpose to | 


that man’s original complex exceeds in variety of tendencies tl 


any other animal, and that the virility and dominance of certain te: 


1 


encies may vary endlessly with the individual. 

What a man is, what he will do, is a result of the play of e1 
mental stimuli-upon the leanings, bents, tendencies, lodged in his 
stitution. Native endowment and environment fit each other as 
and key. The limit, character and direction of man’s behavior can 
transcend his original nature—a “soft pine” germ-plasm spells a 


pine character and this remains true no matter how favorably the 


vironmental forces may be applied. By no pedagogical device has 


been, or ever will be, possible to transform a weak inherited compl 


into an oak character. 


The future security of the state or the home must not fail to rega 


mar. biologically, as possessed of powerful destructive tendencies as we! 


as powerful tendencies of love. sympathy and kindness. “Two soul 
as Faust says, “dwell within his breast,” the one of sociability and he 
fulness, the other of jealousy and antagonism to his mates. Want 


blindness to tl 


security uf any nation unwilling to turn the unsmitten cheek. In th 


matter the evil component of man must be reckoned with the go 


To cherish the latter is noble; to blink the former is not only perilous 


but beggars courage. 








is poetic expression of man’s dual nature wobbles th 
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NATIONAL 





These two apparently contra 


subsoil of man’s original const 


funnels form gateways for et 





nacit erow according to 
a ' ma org LI ee - i i 
| { ? essant 11s¢ ) ne 
1} ; 
\\ ( ese s S ‘ 
+ +} ’ } } f ’ . 
On ail 10 lis ( { 
, 
est er Consider the spac 
t | 1] ? Ti 
stories O1 a nations e ! 
: ilv p s to executions. 1 
fesse James stimuli); cons 
1 certain other perio us a 


e a alr sal Ne « el a 
i! teed lat man’s original giut t 
ar. These are among the fi 
yminates human behavior. The 
) | , 
ay ilke a prairie e 1s { 
ect é response to a é ‘ g 
tained fields of Europe, of t 


conventionalities Lys ( 
: Oo! rushes asi e acg re " i ( 
. s A s < < i ‘ 
lf n + , 
sell of pugnacity, tear, natre l 
ng fir cl\ ed na ~ S¢ 
sener r ~ ‘ eT nrerT 
nh utter disregal ol em! il 
] ; ] } 
ind unsupporte threats are 


recognized by the laymen. Ina 


in Carnegie Hall, Elihu Root 


ak, 


; significant words: 


q We hav 


5 nature of man; that convent 
and humanity, are acquired habits, 


P man’s nature developed through « nth 


beasts and savage foes. 


The Teutonic war machine is a 
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the cradle of many generations. It is not an accident that milita: 
toys are given to children during the most plastic and favorably forma 




























tive period of life. Inflammable youth is fed upon an inflammable diet 


morning, noon and night; at no time can his ears, eyes or touch escapy 
those environmental stimuli which fall upon and make permanent 
native tendency to combat, to resent, to hate. Out of this stuff Eur 
pean nations wove and are continuing to weave the ideational we 
war. ‘The gory field of Europe is the inevitable consequence. So sur 
as martial ideas are fabricated, so sure as these ideas are persistent 
entertained, so sure will war result, for it is the very essence of idea 
to issue into action. 

If it is true that environmental stimuli quicken and actualize latent 
tendencies and if it is equally true that failure to feed such tenden 
during the ripening period tends to weaken, if not eradicate, them, 
then, the good John Galsworthy’s statement that “this war is an oper 
tion to excise the trampling instinct” is surely open to serious ques- 
tion. According to the laws of instinctive development, fixation of th 
trampling instinct rather than excision is the inevitable consequenc¢ 
of the war. The iron heel of the treading, trampling instinct thrives 
least through inaction and is quickened, sharpened and enthroned 
action in a favorable environment. War is such an environment; 
unlocks the trampling heel of the dominating, professional Junker as 
a key loosens the lock. Junkerism resides within the breast of every 
man in every land and differs from mortal to mortal only in the degree 
of its original vigor. Excision through opportunity is a myth born of 
flimsier stuff than paper dreams. 

Again let it be said that the question of national security can not 
fail to consider man’s dual and original endowments. Peel off the thir 
veneer of conventionality, and tap him at his foundation, and one sid: 
of him stands revealed as a fighter, full of original pugnacity, anger, 
resentment and, under provocation, may become the most ruthlessly 
ferocious of beasts. These “Original Movers” fitted man to survive 
and are operative to-day under one guise or another. As Rochefo 
cauld says, 


There is something in the misfortunes of our very friends that does not alt 
gether displease us; and an apostle of peace will feel a certain vicious thrill run 
through him, and enjoy a vicarious brutality, as he turns to the column in his 
newspaper at the top of which ‘‘Shocking Atrocity’’ stands printed in large 
letters. See how the crowds flock round a street brawl! Consider the enormo 
annual sale of revolvers to persons, not one in a thousand of whom has any 
serious intention of using them, but of whom each one has his carnivorous self 
consciousness agreeably tickled by the notion, as he clutches the handle of his 
weapon, that he will be rather a dangerous customer to meet!1 





1 James: ‘‘ Principles of Psychology.’’ 
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That man is essentially of pacific virtues rests on an assumption not 


sustained by his evolutionary or political history. 
If it is true that powerful nations systematically nurture the demon 


of antagonism through all forms of educational agencies, if we rightly 
interpret the genesis and dynamics of ideas, and if, lastly, the human 


race is still in the condition of bellum omnium contra omnes, t 
national preparedness, it seems, becomes a plain matter of duty. There 


is no alternative, regrettable as it is, so long as nations insist on so 


organizing from earliest infancy to maturity the brains of their citizens 

: in such a way that any wholly irrelevant stimulus may pull the trigger 
and let loose the engines of war. Pacific nations, unprepar t 
potentially powerful, must submit, under certain circumstances, | 

indignities which may often amount to nothing short of complete abn 
gation of self-respect. Who is there who does not wish it might be 
otherwise? But wishes and sentimental longings go down like chaff 
before the wintery blasts of energetic action. The present world dis- 
turbance demands intelligence, cold calculation, action; this is no tim 
for any nation to swim about in a weltering sea of sensibility at 
emotion, no time for spineless fulminations and dreams. Nor will it 
be maintained that similar situations will not recur. In view of re- 
cent events, in view of what man is and what he has shown himself to 
be on every page of his bloody history, it would be folly, and in the long 
run suicidal, for any vigorous people to close deliberately their eyes to 
the simplest laws of human behavior. 

Imperative as preparation now appears, it will be even more so after 
the war by reason of untold increment of economic stresses which strain 
immeasurably man’s native good will. Future economic struggles and 

; practises may inaugurate a low grade of trade ethics far removed from 
; the altruistic soothing-syrup variety. The blamelessly enriched on- 
looker, with almost fatal surety, acts as a salve which heals the wounds, 
buries the differences of fierce antagonists and, under economic stresses, 
this onlooker incurs the unrighteous, united envy and secret, if not 
‘ open, hatred of the combatants. The best is not even to be hoped f 


the worst may be expected. 
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THE ORIGIN AND EVOLUTION OF LIFE ON THE EARTH 
By HENRY FAIRFIELD OSBORN . 
COLUMBIA UNIVERSITY, AMERICAN MUSEUM OF NATURAL HIST\ 
LECTURE II, PART I 
The Evolution of the Vertebrata 

Chromatin evolution. Errors and truths in the Lamarckian and Darwir 
explanations. individuality in character origin, velocity and cooperation. Origir 

of the vertebrate type. The laws of convergence, divergence and of adapt 


radiation in fishes and amphibians. 


YIMON NEWCOMB! considered the con ept of the rapid movement 
h of the solar system toward Lyra as the greatest which has ever 


ie 


entered the human mind. The history of the vertebrates as the visi 


expression of the evolution of the microscopic chromatin presents 

contrasting concept of the potentialities of matter in the infinitely mi- 

nute state. 

The peculiar significance of vertebrate chromatin is its stability in : 

combination with incessant plasticity and adaptability to varyin 
vironmental conditions and new forms of bodily action; throughout 
constant changes of proportion, gain and loss of characters, genesis of 
new characters, there is always preserved a large part of the history 
antecedent form and function, for chromatin is far more stable tha 
tne surface of the earth. In the vertebrates chromatin evolution 
mirrored in the many continuous series of forms which have been dis : 
covered, also in the perfection of mechanical detail in organisms of 
titanic size and inconceivable complexity, like the dinosaurs among 
reptiles and the whales among mammals which rank with the Sequow 
among plants. 

There are two historic explanations of the causes of this wonderfu 
process of chromatin evolution, each adumbrated in the Greek perio 
of inquiry. The older, known as the Lamarckian, expressed in modern 
terms is that the beginning of new form and new function is to bi 
sought in the body cells (soma), on the supposition that cellular actions 

* Fourth course of lectures on the William Ellery Hale Foundation, Natio 
Academy of Sciences, delivered at the meeting of the Academy at Washingto: 
on April 17 and 19, 1916. 

The author desires to express his special acknowledgments to Profess: 
William K. Gregory of Columbia University and the American Museum of 
Natural History for notes and suggestions in the preparation of this section. 

1 Newcomb, Simon, ‘‘ Astronomy for Everybody,’’ Doubleday, Page & Co 
November, 1902, 12mo, pp. 333. 


ee 











ORIGIN AND EVOLUTI 








is not invariably the case. 
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with all that we are learning through paleontology and experimenta 
evolution of the actual modes of the origin and development of adapt 
characters. That there are elements of truth in each explanation 
evident from the following. Adaptive characters present three phases 
first, the origin of character-form and character-function; second, t! 
more or less rapid acceleration or retardaton of character-form a1 
function; third, the coordination and cooperation of character-fon 
and functions. If we adopt the physico-chemical theory of the orig 
and development of life it follows that the causes of such origin, velo 
(acceleration or retardation) and cooperation must lie somewhe 
within the actions, reactions and interactions of the four physico 
chemical complexes, namely, the physical environment, the developin 
organism, the chromatin, the living environment, because these are th: 
only reservoirs of matter and energy we know of in life history. While 
it is possible that the relations of these causes will never be fathomed, 
it is certain that our search must proceed along the line of determining 
which actions, reactions and interactions invariably precede and which 
invariably follow, those of the body-cells (Lamarckian view) or thos 


of the chromatin (Darwinian-Weismann view). 

The Lamarckian view that adaptation in the body cells invariah/ 
precedes similar adaptive reaction in the chromatin is supported neither 
by experiment nor by observation ; such precedence while occasional an 


even frequent is by no means invariable. The Darwinian view, namely, 
that chromatin evolution is a matter of fortuity and displays itself 

a variety of directions, is contradicted by paleontological evidence both 
in the Invertebrata and Vertebrata, among which we observe that con- 
tinuity in chromatin evolution prevails over the evidence either of 
fortuity or of sudden leaps or mutations, that in many characters there 
is a prolonged rectigradation or direct evolution of the chromatin 
toward adaptive ends. This is what we mean in saying that in evolu- 
tion law prevails over chance. 

Darwin’s quest for the origin of species having become an incidental 
issue, the chief quest of evolutionists to-day is the origin and history 
of single characters. The discoveries of modern paleontology are in 
accord with many of the recently discovered laws of heredity, which will 
be described in the succeeding course of the Hale Lectures. Paleon- 
tology supports heredity in demonstrating that every vertebrate organ- 
ism is a mosaic of an inconceivably large number of “characters” or 
“ character-complexes,” structural and functional, some indissolubly 
and invariably grouped and cooperating, others singularly independent. 
For example, every one of the most minute scales of a reptile or hairs 
of a mammal is a “character complex” having particular chemical 
formule and chemical energies which condition the shape, the color, 
and the function and all other features of the complex. Through re- 
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searches on heredity each of these chara tel 






to have a corresponding physico-chemical determiner or group of deter- 
miners in the germ chromatin, the chromatin exist ! isan " 
ture but as an individual potential and causal 

The principle of individuality, namely, of separate development and 
existence, which we have seen to be the prime characteristic of the 
first chemical assemblage into an organisin (p. 179), also governs 





each of these character complexes. In some vertebrates we observe an 





nfinity of similar character complexes evol\ 






Fic. SHELL, 







manner, as in the beautiful markings of 






enamel pattern of the teeth of the glyptodon, which every portion 

of the shell evolves similarly, and every one of the teeth evolve simi- 

larly, from which we might conclude that there is an absence of indi 
’ . ; 

viduality in form-characters and that som momorphie (similar 





ee 


formative ) impulse is present in all characters of similar ancestr 





but this rash conclusion is offset by the existence of other charact 
; complexes of similar ancestry which each evolve differently, or are in 
a high degree heteromorphic (diversely formative), as, for example, 





in the grinding teeth of mammals. 






This individuality and separability inherent in character-form is 


5 atte tes 





equally observed in character-velocity, and is at the basis of tl 





of characters and of all the proportionate and quantitative changes 


PR Ran 





; which make up four-fifths of vertebrate evolution. For example, two 






character-forms side by side may evolve with equal velocity and main- 






tain a perfect symmetry or one may be accelerated into very rapid 
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momentum,? while the other may be retarded into a state of abso 
inertia or equilibrium. These are the extremes of character-velo 
which result in the states known as development, balance and 


eration. In many parts of the skelet 
velopment and degeneration so 
follow use and disuse that Cope was 
. } { : / 
propose aiaw o athmism (grow 


? 
| 
I 


and to explain the energy phenome 


and disuse in the body tissues as 


8. Frrst uprer Motar OL the appearance of correspondll 
OF Meniscotherium terrarubre. potent alities in the chromatin. 


Fic. 4. FIRST UPPER MOLAR 


“le hs 1 aANeroey af ’ } , 
or Euprotogonia puercensis. words, that t] e energy Ol! de velopm« It O! 
degeneration in the bodily parts of 


As pi 


dividual is inherited by corresponding parts in the germ. 
out above, the defect in this supposed law consists in its not 


variably applicable. 
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AGE 


oF 
REPTILES 


MESOZOIC 
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AGE 


AMPHIBIANS, 


RATIO 12. 18,000,000 YEARS 
PALAEOZOIC 


AGE 


or 
INVERTEBRATES 


—— 
RDER OF APPEARANCE A 


Fic. 5. OrpDER OF GEOLOGIC APPEARANCE AND EpPocns OF MAXIMUM ADAPT! 


(CONTRACTION) OF THE Five CLASSES 


RADIATION (EXPANSION) AND DIMINUTION 
Prepared by Osborn and Gregory. 


2In physics momentum equals mass X velocity. In biology momentum and 


inertia refer to the relative rate of character change both in individual develo; 
Character-parallax would ex 


Thus the character-parallax 


VERTEBRATED ANIMALS. 


ment (ontogeny) and in evolution (phylogeny). 
press the differing velocities of two characters. 
the right and left horns in the Brontotheriine (titanotheres) is very small, ¢. 
they evolve at nearly or quite the same rate; on the other hand, the character 
parallax between the premolar teeth in these animals is very great. The char 
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Changing bodily form and functi al 





character-complexes 1s to be regarded as 





resuil 







that actions and reactions 








and of motion liberate specif 
catalytic messengers in the nature 
of ferments, enzymes, hormones, 
a © | 7 . . 
which produce specific and cooper 
ating interactions in every chat 
tar ] r } : 
ter-complex of the organism. In 








our survey f +} , nary lon 
ul l ey oOo tne marve Is ¢ 


lution of the vertebrates we ma‘ 










constantly keep 





. 7 
preserve 







of observation the chen ical al ] 





physiological influences of the 






] } ? } 


body can onlv be inferred and the 





relations of these phvsico-chemical 


influences to those of the chro- 






matin are absolutely unknown. 





Yet changes in the bodily hard 





parts invariably mirror the evo 


f the chromatin, in fact. 





tion o 





evolution is nowhere revealed 





more extraordinary manner than 





. . ° ared | t it r nd Cc. A. R is 
in the incessantly changing char- ?)'"".. 





acters in such hard parts as the 





labyrinthine foldings of the deep lavers of « 







of the horse. This evolution of the hard 





itself into six chief and concurrent pher 





acter-parallax idea has innumerable applicatio 
tatively —W. K. Grecory. 
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Ever changing character-form and character-function, 
Ever changing character-velocity in individual development and in 

the chromatin, Character 
Ever changing character-cooperation, coordination and correlation, 


malig ge , ' : an 
Incessant character-origin in the chromatin, sometimes following, and 


sometimes antecedent to character-origin in the organism, | Charact: 
Relatively rapid disappearance of character-form and -function in | 

the individual, Complex« 
Relatively slow disappearance of character-form and -function in | 

the chromatin. 


FORM EVOLUTION OF THE VERTEBRATES UNDER THE MECHANICAL AN 
PHYSICO-CHEMICAL ACTIONS, REACTIONS AND INTERACTIONS OF 
LOCOMOTION, OFFENSE AND DEFENSE, AND REPRODUCTION® 


Ordovician time, the early Paleozoic epoch next above the Cam 
brian, is the period of the first known vertebrates, the fossil remains of 
fish dermal defenses found near Cafion City, Colorado, as announced 
by Walcott in 1891, and subsequently in the region of the present Big 
Horn Mountains of Wyoming and the Black Hills of South Dakota 
Small spines referred to Acanthodian sharks are also abundant in th 
Ordovician of Canon City, Colorado. Since they were slow-movin; 
types protected with the beginnings of a dorsal armature composed of 
small calcareous tubercles, to which the group name Ostracoderm r 
fers, probably these earliest known pro-fishes were not primitive ir 
external form but followed upon a long antecedent stage of vertebrat 
evolution. In the form-evolution of the vertebrates relatively swift- 


Fic. 7. THe EXIstinc LANCELETS (Amphiorus), fusiform pretochordates, living 
in the littoral zone the sole survivors of an extremely ancient stage of vertebrate 
evolution. After Willey. 


moving, defenseless types are invariably antecedent to slow-moving, 
armored types. 
Ancestral to these Ordovician vertebrates were free-swimming, 
8’ For the geologic history the author is chiefly indebted to his fellow acad- 


emician, Charles Schuchert. For the latest knowledge regarding the evolution 
of the vertebrates to his Columbia University colleague, William K. Gregory. 
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quickly darting types of unarmored fishes. 
” 


form body, in which the segmented propé 
a stiffening notochord is central, is the 
less clearly survives in the existing lancelet 
larval stages of the degenerate Ascidians. 
merous embryonic and larval proofs of dé 
Taking the whole history of vertebrat 


observe that every prolonged 


adaptive 


comes impressed in the hereditary chars 


throughout the development of new 


more or less potentiality of re 

even the mature structures of ol 

ments. The chromatin is at once 
progressive center of physico-chemi al e) 
tions, it meets the emergencies of the presen 
which it imparts to the organism in its di 
living cell; it is continuously giving rise to 


tions. This law of ancestral repetition. for 


EARLY 
LOWER 
DEVONIAN 


PALEOGEOGRAPHY, EARLY LO 
a wm 


Fic, 8 PERIOD OF THE EARLY APPEARA) 
VERTEBRATES. Paleogeography of the earth in « 
hypothetical southern continent Gondwana 


according to the hypotheses of Suess After 


and developed by Haeckel and Hyatt, 
during thirty years of the nineteenth cent 
more or less success a highly speculativ: 

tory of the vertebrates was sought in embrvor 
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parative anatomy long before the actual lines of evolutionary desce1 
were determined through paleontology. 

The form-eyolution of the backboned animals, beginning with thx 
pro-fishes of Cambrian and Pre-Cambrian time, extends over a per 
of 30,000,000 years. The supremely adaptable vertebrate body t 


begins to dominate the living world, overcoming one mechanical 


1 " 


culty after another as it passes through the habitat zones of water, | 


and air. Motions necessary for the capture, storage and release 
plant and animal energy continue to control the form of th 
\ 
of its appendages, but in the meantime the organism through me 
ical and chemical means protects itself either offensively or defens 


] 


and also adapts itself to reproduce and protect its kind, accordin 


Darwin’s original conception of the struggle for existence as involv 





oth the life of the individual and the life of its progeny. Among a 
defenseless forms speed is a prime necessity, while all heavily armor 
forms gradually abandon mobility. As among the Invertebrata, 
cium carbonate and phosphate and various compounds of keratin a 
chitin are the chemical materials of armature. Locomotion, as dist 
guished from that in all invertebrates, is in an elongate body st 


by a central axis. The evolution of the skeletal supports (endoskel 





tal) and limbs is generally from the center of the body (notocho: 
toward the periphery, the evolution of the defensive armature (ex 
skeleton) is from the periphery toward the center. The defer 

armature finally, through change of function, makes important cont: 


butions to the inner skeleton. 





THE LAW OF CONVERGENCE OR PARALLELISM IN LOCOMOTOR, OFFENSIV 
AND DEFENSIVE ADAPTATIONS 


Although the structural body type and mechanism of locom 
tion is profoundly diverse, there arise hundreds of adaptive parallel 
between the Vertebrata and the antecedent evolution of the Invert: qi 


brata. ‘The combined necessity for protection and locomotion bring 





about close parallels in body form between such primitive Siluria: 
eurypterids as Bunodes and the vertebrate Ostracoderms, a superficia 
resemblance which has led Patten* to defend the view that the t 
groups are genetically related. 

The theoretic application of the fundamental law of action, rea 
tion and interaction becomes increasingly difficult as adaptations mul- 
tiply and are superposed upon each other with the evolution of the for 
physico-chemical relations, as follows: 






4 Patten, Wm., ‘‘The Evolution of the Vertebrates and their Kin,’’ 8vo, P 
Blakiston’s Son & Co., 1912, 486 pp., 309 figs. 
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Physical environment, succession, reversal and alternat of | 


tat zones, 
Individual development, succession, revers 
adaptive phases, 
Chromatin evolution, addition of the determiners of new adapta 


tions while preserving the determiners of old ad tations, 





( 
Suecession of life environments. 
Yet it 1 t be the simila t 
{ toms ; , ; 
reies of pl llasm al e sil 
» fo f se al | ad enst wl ec] 
] arntat , , j 
illelism in adapta in 
: } ’ tdaptatt ’ 
: 
scape he keen observation of H 
i ’ } 
e modes of vertebrate evolutio1 
The whi le nNrocess o] motor a 
e fishes, amphibians, reptiles, birds, or 1 
series ( mechanical pri ems t} 
resistance of water or air in the 
of the limbs of creating levers, fulcra (joint a illeys Che f 
and hind fins of fishes and the fore 


uniformly where they are homodynan 


heterodynamic. This principle of a 
e applies to the body as a whole and to every one of its parts. acco r to 
. two laws: first, that each indi al part has its own n lu 


tion, and, second, that the same mechan 


on the same principle. This we observe is 


Penne +, 


ciple, for unlike man nature wastes little t 01 
but immediately proceeds to superior invent 
The three mechanical problems of exister n t 
are: first, overcoming the buoyancy of wat the! y we 
increasing the gravity of the body, o1 ( ment 
gravitating organs which enable anin 
medium ; second, the mechanical problem of on the resistance 
of water in rapid motion which is accon mea f war 
surfaces and well-designed entrant 
similar to those of the fastest moder ya ht third, ti 
: propulsion of the body, which is accomplished, first, by sinuous moti 
of the entire body terminating in the pow f t ta 
fin, secondly, by supplementary action of the f itera] 
the horizontal steering of the body by mea the me 
: of fins. 
5 Huxley, T. H., ‘‘On the Application of the Laws of Evolution to the Ar 
rangement of the Vertebrata, and more Particularly of the Mammalia,’’ P 





662. (Read December 14, 1880. 








Scientific Meetings of the Zoological Soc. of Lond 380, pp. 649 
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The terrestrial and aerial evolution of the four-limbed types (Tetra 
poda) is designed chiefly to overcome the resistance of gravity and 
a less degree the resistance of the atmosphere through which the bod 
] 


moves. When the aerial stage evolves, with increasing speed the re- 


sistance of the air becomes only slightly less than that of the water ir 
the fish stage, and the warped surfaces, the entrant and reentrant 
angles evolved by the flying body are similar to those of the rapidly 
moving fishes. 


BRANCHING OR DIVERGENCE OF FORM, THE LAW OF ADAPTIVE RADIATION 


In general the law of divergence of form, perceived by Lamarck an 
rediscovered by Darwin, has been expanded by Osborn into the moder 
law of adaptive radiation, which expresses the differentiation of animal 
form radiating in every direction in response to the necessities of the 
quest for nourishment and the development of new forms of motion in 
the different habitat zones. Divergence is constantly giving rise to 
differences in structure, while convergence is constantly giving rise to 
resemblances of structure. In contrast with this divergent principle 
is the convergence brought about by the similarity above described of 
the physico-chemical laws of action, reaction and interaction and thé 
similarity of the mechanical obstacles encountered by the different 
races of animals in similar habitats and environmental media. 

The chief advance which has been made in the last fifty years is our 
abundant knowledge of the modes of adaptation as contrasted with the 
very limited knowledge yet attained as to the causes of adaptation. 
The law of adaptive radiation is a law expressing the modes of adapta- 
tion of form, which falls under the following great principles: 


(1. Divergent adaptation, by which the members of the primitive 
stock tended to develop differences of form while radiating into 
a number of habitat zones. 

2. Convergent adaptation, whereby animals from different habitat 
zones enter a similar habitat zone and acquire many superficial 
similarities of form. 

Law 3. Direct adaptation, for example, in primary migration through an 

of ascending series of habitat zones, aquatic or terrestrial, ar- 

boreal, aerial. 

Adaptive | 4. Reversed adaptation, where secondary migration takes the re 

va _ verse direction from aerial to arboreal, to terrestrial, to aquatic 

Radiation habitat zones. 

Alternate adaptation, where the animal departs from an origina! 

habitat and primary phase of adaptation, and then returns 

Form from the secondary phase of adaptation to a more or less per 
fect repetition of the primary phase by returning to a primary 
habitat zone. 

6. Symbiotic adaptation, where vertebrate forms exhibit reciprocal, 

or interlocking adaptations with the evolution of other verte- 

brates or invertebrates. 
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Prolonged residence in a single habitat zone results in profound 


alterations in the chromatin, and in consequence the history of past 
phases is more or less clearly re- 
corded. It is very important to keep 
in mind that the body and limb 
form developed in each adaptive 
phase is the starting point of the 


HABITAT MIGRATIONS OF THE INDIVIDUAL 
MIGRATIONS OF THE ENVIRONMENT 


AERIAL 

FLYING, VOLANT, TYPES 
next succeeding phase. aieacagmemnes 

Among the disadvantages of ey Seeereen Cee 
prolonged zonal existence are the ,j,sonea 

~< ’ i Uy ~ CMIATY > Ty , 

following. Through the law of com- a 
pensation, discovered by Geoffroy ARBOREO - TERRESTRIAL 
St. Hilaire early in the last century, a ee 


every vertebrate in developing and | a: 


specializing certain organs sacri- gp eg Brgy yal a 
TIYED ADRUPEDA BIDEDAL. APODAL 
fices others ; for example, the lateral —— 


digits of the foot of the horse are 
TERRESTRIO -FOSSORIAL 


sacrificed for the evolution of the (WALKING AND BURROWING TYPES 
central digit as the animal evolves 
. . ° FOSSORIAL 

from tridactylism to monodactylism. BURROW ING TYPES 
These sacrificed parts are never re- 

. TERRESTRIO- AQUATIC 
gained; the horse can never revert AMPHIBIOUS TYPES 
to the tridactyl condition although 
, . ’ . : AQUATIC 
it might reenter the habitat zone in SURFACE-LIVING, BOTTOM-LIVING, SWIFT-CURRENT 


2 a e SLOW- CURRENT 
which three digits on each foot 
would serve the purposes of locomo- ftuviamwe 
é A FRESHWATER. FLUVIO-MARINE TYPES 
tion better than one. In this sense 
chromatin evolution is irreversible. tTorac 
. } (SURFACE AND FOSSORIAL TYPES 

The extinction of vertebrate races 

, > 9A PELAGIC 
has generally been due to the fact Er ee 
that the various types have sacri- 


PROPELLING TYPES 


ficed too many characters in their ,gyssa: 


physiological reactions to a particu- Geer corven LIVING TYPES. SLOW ANO swirT 
lar life habitat zone. A finely spe- b. Tue THirTeen Curer VERTEBRATE 


. = » HABITAT ZONES, each of which is divided 
cialized form representing a perfect ae 


into many subzones 

mechanism in itself which closely 

interlocks with its physical and living environment reaches a cul de sac 
of structure from which there is no possible emergence by adaptation 
to a different physical environment, or habitat zone. It is these two 
principles of the non-revival of characters once lost by the chromatin 
and of too close adjustment to a single environment which underly the 
law that the highly specialized and most perfectly adapted types become 
extinct, while primitive, conservative and relatively unspecialized types 
invariably become the centers of new adaptive radiations. 
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THE ORGANIZATION OF INDUS- 
TRY AND OF SCIENTIFIC 
RESEARCH 

In the United States, as well as in 
England, steps are being taken toward 
a more effective organization of indus- 
trial and scientific work. A Council of 
National Defense was established by the 
congress at the close of its session and 
the president has now announced the 
appointment of an advisory commission 
to consist of Daniel Wit!ard, president 
of the Baltimore and Ohio Railroad; 
Samuel Gompers, president of the Amer- 
ican Federation of Labor; Dr. Franklin 
H. Martin, of Chicago; Howard E. 
Coffin, of Detroit; Bernard Baruch, of 
New York; Hollis Godfrey, of Philad-l- 
phia, and Julius Rosenwald, of Chicago. 

With these appointments the presi- 
dent gave out a statement in which he 
said: 

The Council of National Defense has 
been created because the congress has 
realized that the country is best pre- 
pared for war when thoroughly prepared 
for peace. From an economic point of 
view there is now very little difference 
between the machinery required for 
commercial efficiency and that required 
for military purposes. In both cases 
the whole industrial mechanism must be 
organized in the most effective way. 
Upon this conception of the national 
welfare the council is organized, in the 
words of the act, for ‘‘the creation of 
relations which will render possible in 
time of need the immediate concentra- 
tion and utilization of the resources of 
the nation.’’ The organization of the 
council likewise opens up a new and 
direct channel of communication and co- 
operation between business and scien- 
tific men, and all departments of the 
government, and it is hoped that it will, 
in addition, become a rallying point for 
civic bodies working for the national 
defense. 

At the same time the National Re- 
search Council, to the plans for which 
attention was called in the September 
issue of the MONTHLY, has been organ- 
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ized under the auspices of the Natio: 

Academy of Sciences. Some forty m« 

bers have been appointed with PD: 
George E. Hale, director of the M 
Wilson Solar Observatory, as chairma 
Dr. Cary T. Hutchinson, secretary « 
the Engineering Foundation, as secr 
tary, and Dr. J. J. Carty, chief eng 
neer of the American Telephone ar 
Telegraph Company, as chairman of t! 
executive committee. Special con 
mittees have been appointed to report 





on research in educational institutions 
m the promotion of industrial researc} 
m a national census of research, and « 
other subjects. The National Coun 
is fortunate in having brought toget! 
engineers and those engaged in labora 
tory research, men in the industries, in 
the universities, in the research founda 
tions and in the government service. 

With the Naval Consulting Board wi 
thus have three advisory councils or 
committees appointed under governme 
auspices with a view to ‘‘ prepared 
ness.’’ As the president states ‘‘t! 
country is best prepared for war wh 
thoroughly prepared for peace,’’ and 
it would probably be wise for the ki 
search Council of the National Academy 
to abandon the direct reference to war 
under which it was created and to con 
fine its efforts to improving the condi 
tions under which scientific research ¢ 
be undertaken in this country, mor 
especially in the direction of establis] 
ing fruitful relations between workers 
in the so-called ‘‘pure’’ sciences and 1n 
the industries. 

In Great Britain the first annual re 
port of the Committee of the Privy 
Council for Scientific and Industrial Re 
search has been issued. The main body 
of the report is supplied by the advisory 
council of the committee, of which Sir 
William McCormick is chairman. After 
a brief account of the existing institu- 
tions for the scientific study of trade 
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problems, the council goes on to say 
that other machinery and additional 
state assistance are absolutely neces- 
sary for the purpose. But it needed 
the shock of the war to make this mani- 
fest. The council decided first of all to 
save as many as possible of the re- 
searches which were being conducted be- 
fore the war and were in danger of 
abandonment, and recommended the 
payment of a series of grants. They 
also have under consideration the pos- 
sibility of inducing firms in at least 
some of the industries to assist the 
progress of research by informing them 
in confidence of the problems they have 
in hand or in contemplation. The uni- 
versities, it is contended, can and must 
be the main sources of research in pure 
science, the discoveries in which lie at 
the root of all practical and technical 
applications. But they will not be able 
to do their fair share unless they can 
attract more students and larger funds. 
President Wilson in appointing the 
advisory board remarks: ‘‘In the pres- 
ent instance, the time of some of the 
members of the advisory board could 
not be purchased. They serve the gov- 
ernment without remuneration, efficiency 
being their sole object and American- 
ism their only motive.’’ It may, how- 
ever, be questioned whether service 
without remuneration promotes effi- 
ciency. The English committee of the 
Privy Council is doubly amateurish, not 
consisting of scientific men and not 
being paid. This may be in accord with 
aristocratic traditions, but in a democ- 
racy men should be paid the value of 
their services. Advice given without 
charge and without responsibility is 
usually worth no more than it costs. 
But these various advisory scientific 
and industrial commissions are impor- 
tant as indicating an awakening of pub- 
lic interest to the place of science under 
the government. It may be that in due 
time the scientific and expert functions 
of the government will be recognized as 
coordinate with its legislature, executive 
and judicial departments. A supreme 
court to interpret the ‘‘laws of nature’’ 
is not required, but we do need a paid 
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board of scientific men, as far removed 


from prejudice and politics as the jus 
tices of the supreme court should be, 
and as expert in science as they are in 
the law, whose decision on questions of 
scientific policy and scientific appoint 
ments should be final within the limits 
of the laws and the appropriations 
passed by the congress. 


PROGRESS IN THE MAPPING OF 
THE EARTH 

IN his presidential address before the 
Geographical Section at the recent 
meeting of the British Association for 
the Advancement of Science Mr. Ed- 
ward A. Reeves described the progress 
hat has been made in surveying and 
mapping the earth since 1880, and 
there are here reproduced two maps 
which were presented at the meeting. 

The maps are drawn on an equal area 
projection, that is to say, a certain 
area on the map, such as a square inch, 
everywhere represents the same area on 
the earth’s surface. The idea kept in 
view in drawing the maps is that the 
shade deepens as the accuracy of the 
surveys increases. (1) The parts that 
are topographically mapped from tri 
angulation or rigorous traverses are 
shown by the darkest tint; (2) those 
that are less accurately mapped from 
surveys chiefly non-topographical, and 
of which in many places the basis con- 
sists to a great extent of disconnected 
land-office and property plans, are 
hown by the tint next in density; and 
then the next lightest tint }) repre- 
ents the parts of the world that are 
only mapped from route-surveys or 
rough traverses of explorers. Although 
these traverses vary greatly in degree of 
accuracy, they can not be considered so 
reliable as the surveys shown by either 
of the other two shades, and in many 
eases the mapping consists of the rough- 
est sketches. (4) The regions that are 
entirely unsurveyed and unmapped are 
indicated by the lightest tint of all, 
almost white. 

Referring to the state of surveys in 
the Eastern Hemisphere in 1860, it will 
be seen that outside the continent of 
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Cour tesy of Bostonia. 


ALEXANDER GRAHAM BELL AND WILLIAM FAIRFIELD WARREN. 


Dr. Bell (who is shown standing) was professor of the mechanism of speech in 
the School of Oratory of Boston University from 1874 to 1879, while Dr. Warren 
was president of the university. Dr. Warren in his annual reports makes frequent 
reference to Dr. Bell's discovery and perfection of the telephone in 1875 and 1876. 
In 1878 Dr. Bell was invited to lecture at Oxford, and in his next annual report Dr 
Warren says that “ this is the actual initiation of a practice of international academic 
exchange which is destined to grow into proportions of the highest import.” 
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Europe, where a considerable extent of 
accurate surveying had been carried 
out, the only country where any map- 
ping, based upon triangulation, had been 
done was India. These areas are shown 
in the darkest shading. In Europe, 
France, British Isles, Germany, Austria, 
Italy, Russia, Switzerland, Denmark, 
the Netherlands, and Scandinavia had 
already made a good 
with their government maps based upon 
trigonometrical surveys, but these were 
in several cases by no means complete. 
India has been noted for the excellency 
of its surveys ever since the days of 
Major Lambton, who started the work 
in 1804, and Colonel Everest, who suc- 
ceeded him as head of the surveys after 
Lambton’s death in 1823. 

In the parts of the Eastern Hemi- 
sphere that were surveyed and mapped 
in the second degree of accuracy, that is, 
those shown by the next tint, may be 
included most of the remaining parts 
of Europe, Egypt, and parts of Algeria 
near the coast. For the rest such map- 
ping as was done was based upon rough 
route-sketches, shown by the third tint. 
In this must be included practically all 
that was known of the African conti- 
nent, such as the explorations of Mungo 
Park, Beke, Livingstone, Speke and 
Grant, and others, as well as the early 
exploratory surveys in Central Asia and 
Australia. The regions that were en- 
tirely unsurveyed and unmapped at this 


commencement 


time were enormous in their extent, and 
included not only the Polar regions, 
but vast areas of Central Africa, Asia 
and Australia. 

Turning to the Western Hemisphere, 
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we find that at this date no triangula 
tion of any extent had been carried out. 
The U. 8. 
had made a good start, but their work 
had to the 
districts near the coast. There had been 


Coast and Geodetic Survey 


been confined coastline or 


La Condamine’s attempt at measuring 
an are of the meridian near Quito in 
South the 


ment of the Mason and Dixon line, and 


America in 1736, measure 
between 
and the 
the but 
neither of these resulted in any serious 


Such 


their survey of the boundary 
Pennsylvania Maryland, in 


latter part of same century; 


topographical mapping. surveys 
as existed of the interior parts of the 
United States in 


varied as 
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de 


con 


regards their merits and 


gree of dep. ndenee, could not be 
sidered as anything but 
the 


shaded with a tint of the second density, 


approximate. 


Some parts of eastern states ars 


but, with this exception, such mapping 
North 


considered of 


as had been done either in or 
South America can not be 
than 
and is tinted accordingly 
to the 1916 
which the same shades of tints have the 


the 


a higher order route-traversing 


and sketching, 
now on 
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same on 
the parts that 


topographical 


meaning as previo iS MAP, 


are accurately surveyed 


from a point of view, 


based upon triangulation or rigorous 


traverses, have greatly increased in ex- 
tent, and these now represent about 
the total the land 
surface of the earth, instead of only one 
thirtieth, 1860. Re 


markable 


one 


seventh of area of 


as was the case in 


progress has also been made 


with regard to both of the less accurate 
kinds of surveying and mapping, while 
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the parts that are now entirely unsur- 
veyed and unmapped only amount to 
about one seventh instead of a little 
over one half, which was roughly the 
amount in 1860. 

An estimate of the condition of the 
world’s surveys as represented by the 
differently tinted areas on the maps for 
1860 and 1916, taking the total area of 
the land-surface of the earth together 
with the unknown parts of the Arctic 
and Antarctic regions which may be 
either land or water, to be 60,000,000 
square miles, gives in square miles fhe 
results shown on page 519. 


SCIENTIFIC ITEMS 


WE record with regret the death of 
Professor Charles Smith Prosser, head 
of the department of geology of the 
Ohio State University; of Dr. Joseph 
Hoeing Kastle, director of the experi- 
ment station of the University of Ken- 
tucky; of Dr. LeRoy Clark Cooley, 
emeritus professor of physics at Vassar 
College; of Professor Levi Leonard 


Conant, head of the department of 
mathematics at the Worcester Poly- 


technic Institute; of Sir T. Lauder 
Brunton, F.R.S., distinguished for his 
work in pharmacology; of Dr. V. von 
Czerny, professor of surgery at Heidel- 
berg, and of Don José Echegaray, pro- 
fessor of mathematical physics at 
Madrid, distinguished also as a poet 
and dramatic author. 

Sm CHARLES Parsons, the engineer, | 
has been elected president of the British 
Association for the meeting to be held | 
at Bournemouth in September next. 


| Christian College 
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By vote of the board of trustees a 
bronze bust of Professor Thonas 
Chrowder Chamberlin will be placed im- 
mediately in Rosenwald Hall, Univer- 
sity of Chicago, thus recognizing his 
long service to the university. Dr. 
Chamberlin has been professor and head 
of the department of geology since re- 
signing the presidency of Wisconsin 
University in 1892. 

Unper the will of Eckley Brinton 
Coxe, Jr., late president of the Univer- 
sity of Pennsylvania Museum, the uni- 
versity was bequeathed the sum of 
$500,000 as an endowment fund for the 
maintenance of the museum, its publi- 


cations and expeditions. He also be- 


|queathed the sum of $100,000 to the 


university, the income of which is to be 
used towards increasing the salaries of 
professors. 

SerH Low, president of Columbia 
University from 1890 to 1901, and trus- 
tee from 1881 to 1914, by his will, be- 
queathed $15,000 to a cousin and $12,- 
000 to the daughter of his former nurse, 
half of these sums to go to Columbia 
University on their deaths. On the 
death of Mrs Low several educational 
bequests became effective. Canton 
will receive about 
$70,000, the University of Virginia, 
Berea College and the Tuskegee Normal 
and Industrial Institute will each re- 
ceive about $50,000. Mr. Low gave 


‘large gifts to Columbia University dur- 


ing his presidency, including the sum 
of $1,200,000 for the erection of the 
library building in memory of his 
father. 








